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AERONAUTICAL RESEARCH

XONAY, D UMMM 1, 1OW

Hourn or WTATXs,
Coxxrrm. oN SnmoNC AmD ABToAtJ3s,

Sftwoxxlrrz oN AwvAc RI)R ARCH AND TzmC oLoGY,
'Wuagigt^~ D.C.The subcommittee met at 10 a.m., in room 2325, Rayburn House

Office Building, Hon. Ken Hechler (chairman of the subcommittee)
P r.•e • m.ui• The committee will be in order.

In opening these hearings on aeronautics I am very pleased this
morning also to have present the chairman of the full Committee on
Science and Astronautics, the Honorable George Miller of California.
Good morning, Mr. Chairman.

Mr. Mmum. Good morning, Mr. Chairman.
Mr. HwnL=. In Septemnr and October of 1968, the Subcommittee

on Advanced Research and Technology conducted 2 weeks of hearings
on aeronautical research and development. In opening those hearings,
I commented: "These hearings are designed to identify the priorities
needed in aeronautical research and development. We are looking
primarily toward the future in our emphasis on how to strengthen
the entire area of aeronautics so that the Nation will be thereby
strengthened in the 1970's and beyond."

The hearings which we are conducting this year are a continuation
and extension of the 1968 hearings. Thiey are an additional indica-
tion of the emphasis which the Committee on Science and Astro-
nautics places on aeronautics.

The importance of significantly increased attention and support
to aeronautical sciences and to the future problems of aviation capable
of being solved by research and development is evident and, in many
areas, critical. The dimensions of those problems are highlighted bythe economics and capabilities of the aviation industry as they exist
today. For instance, the value of the equipment operated by the air
earriers today well -exceeds $5 billion and their long-range financial
indebtedness now being borne is about $6 billion. Air transport now
accounts for more than 72 percent of the total passenger traffic miles
traveled in the United States. We have over 118,000 aircraft and
close to 600,000 nonmilitary airmen certificated in this country today.
These statistics, staggering as they are, are really a sobering prediction
of what we can expet over the next 10 years or more.

It is on that period of time that the subcommittee wishes to focus its
interest. The lack of sound and long-range planning in the past, and
tie resqlting failure to utilize, broadly and prudently, the technologies
prod C~d by e irb have iresulted in the enormous difficulties being
erperienced hy the aviation industry.

(1)
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The Committee on Science and Astronautics, almost since its in-
ception, has strongly advocated the utilization of our advanced re-
search resources to provide for the contingencies in aeronautics andaviation as best they could be predicted. This subcommittee, year after
year, during the hearings on NASA authorizations, has obtained the
approval of the full - soittee, feyt: inased funding of NASA's
aeronautical research program. It is thoroughly recognized that the
leadership and prestige this Nation now enjoys in aviation is seriously
threatened by operating qondititns rapidly becoming intolerable, not
to overlook the growing competence of our international competitors.

Thus, it is the intention of the subcommittee, during these hearings,
to again help focus the attention of the Nation'a leadership, both in
the Federal and local governments, on the urgency of greater em-
phasis on aero•autical research. All sections of the Nation must be
concerned.because all, to some degree, are involved. We need more re-
search attention directed to vertical and short takeoff and landing
aircraft, to 'avionics, to innovative navigation systems, aircraft struc-
tures, materials, and noise supprassion. We need to learn more about
how industry can help through research into computers, data proc-essing, and communications techniques. The list could go on and on.

In addition to urgingr more emphasis on aeronautical research and
technology, this subcommittee intends to urge the early establishment
of priorities that will build a great reservoir of scientific knowledge in
aeronautics which will be available and applicable when it will be
needed. We can no longer afford to solve today's problems with
yesterday's technologies. Only advanced research can gire us at least
the opportunity to- solve future problems with research products
that are realistic and workable.

Our purpose today is primarily to discuss which of the many paths
open to aeronautical R. & D. appears to match our future needs.
Secondarily we are interested in discussions on how we are to achieve
the goals we identify. The order in which I place these purposes is
based on theobservation that if one first decides were lie wants to go, he
can usually find someone to take him there.

We see that the pace at which areonautics develops is a matter of
rising importance to the strength of our Nation. "We also recognize
that. pace alone, is hot enough. We must also establish our course.
Of the many paths open to future development, the important ones are
those which will best meet the challenges of the future environment,
those which will best serve the needs of our evolving society, yet at the
same time remain compatible with it. We must examine research and
development goals .in.the context that aeronautics must adequately
fulfill its furnction as a. socioeconomic and political force of major
importance.

The impsact Of aeronautics on our. Nation and on our global society
over the past two decades is dramatic. Those areas we once called in-
dependent geographic regions have vanished. Self-sufficient nafions
are also a part of the past. The art of flight has drawn the world to-
gether and whether we like our close neighbors or not, the effect is not
reversible. To the contrary, the effects of aeronautical technologi on
the way our ýw0rld functions will become' even greater with time. This
is an enviable position for a technology. It is enviable because it, pro-
vides a view of the future in which-the world's societies can accept
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noehhif less than the'rapid groý,th and•improvement in all aspects of
aeronautical products and services.

This committee looks at this prospect of great growth and develop-
ment with enthusiasut but also with dee) coirern. These bright pros-
pects are predicated on the rising world requirements for ateronauti-
cal products and services. However, the humber of participants in the
aeronautical .community, competitors if you will, is also rising. This
bright periodi as it applies to the aeronautical future of any nation,
ihIudgour ow0 , is neither automatic nor inevitable.

We can share it only if we plan for it.
One or two major studies per year over the past 30 years have ex-

amined the future of aeronautics. Many of them were ordered by
Presidents who recognized that the future of aeronautics and the fu-
ture of the Nation were inextricably related. It is regrettable that most
of these studies fell sadly short. of their intent. Although the studies
all predicted growth, nearly all looked toward the future but could
not see beyond the present.

Most commonly the projections for future aeronautics and its re-
quirements used the formula which says that if one aspirin works
today, we will need 10 aspirins per day by the end of the decade. We
may, indeed, need more aspirin tablets.

In a letter to the subcommittee last year, the theut Executive Secre-
tary of the National A.eronautics and Space Council, E. C. Welsh ob-
served: "We need and we need now an antibiotic for the virus of post-
p)oning research and development."

But whatever course we take the R. & D. which pays off will be that
which anticipates the operating conditions of tomorrow's environment
and seekssystems which can provide the service expected, yet remain
compatible with the environment being served.

It is a great official honor and personal pleasure for me to welcome
the Executive Secretary of the National Aeronautics and Space Coun-
cil, Mr. William A. Anders. We are fortunate, indeed, to have a man
with the practical experience of Mr. Anders as the leadoff witness in
this most nmp6rtant area of aeronautics.

STATEMNT 01F RON. WILIAX A. AND s EXECUTIVE SECR.-
TAY, NATIONAL AFAONAUTICS AND SPACE COUNCIL; ACOM-
PA.IJ. BY MR. IOHN H. ENDER8 AND LT. OOL DAVID D. YOUNG

Mr. Aiinis. Thank you, Mr. Chairman. Before I read my state-
ment, Mr. Chairman, I would like to introduce two of my colleagues
I have with me this morning, Mr. John Enders, who is on loan to the
National Aeronaitics and Space Council staff by the NASA. Mr.
Enders has an extensive background in aeronautical research and
development. He is aR aeronautical engineer and former research pilot,
and he will be very helpful to us in these areas- in the future. Also,
Dave Young comes to us from the Department, of Defense, with an
extensive background in the military aspects of aeronautics.
.'Mr. H-irCHLER I would also like with unanimous consent to insert in

,the record a biographical statement. The world is familiar with your
scomplishments: and achievements but I would -like the record to
Imt tW f6rth , nh lete1y, a#4 that will go into the riord at this
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o(Tb biographical data on Hon. William A. Anders referred to

above as llows:)
WILLIALM A. ANDIERS

EUXuBOUM bOrMAt, NAT1WAZ. A21owAUTICS AND SPaC CouwenV ,

WasEnqrox, D.C. 20M0f

William A. Audena asumed his duties as Executive Secretary of the National
Aeronautics and Space Council on September 2. 196M, uftr haviss been aP-
pointed to this position by President Nlxo. He was born in Hong Kong where
his father, Commander Arthur P. Anders, Retired, was serving In the Navy.
The elder Anders received the Navy Cross for action an an officer on the gunboat
Pansy when it came under atack in the Yangtse River In 1987.

The former astronaut received a Bachelor of Science degree from the Naval
Academy in 196 and a Master of Science degree In Nuclear Engineering from
the Air Force Institute of Technology at Wright-Patterson Air Force Base In

Mr. Anders wms eommissoned a second lieutenant in the Air Force upon
graduation from the Naval Academy. After Air Force flight training, he served
as a fighter pilot In all-weather Interceptor squadrons of the Air Defense Coin-
mnd. After his graduate training, he served as a nuclear engineer and Instrmctor
pilot at the Air Force Weapons Laboratory, Kirtland Air Force Base, New Mexico,
where he was responsible for technical management of radiation nuclear power
reactor shielding and radiation effects prograim.

The San Diego, California, native has logged more than 3,000 hours of flying
time.

He was one of the third group of astronauts selected by the National Aeronau-
tics and Space Administration in October 196e He served as backup pilot for
the Gemini 11 misslon and was lunar module pilot for the historic Apollo 8
missioo-man's maiden voyage to the moon-December 21-27.

Following the Apollo 8 mission, he served as backup command pilot for Apollo
11, the first manned lunar landing mission.

He is a co-recipient with Astronauts Frank Borman and James Lovell of the
National GeoQrapWi Soeiety's Samuel Hdibfard Medal, the General Thomas D.
White USAF Space Trophy and the Harmon Trophy.

He has also been awarded the NASA Distinguished Service Award, the space
agency's highest honor; the Air Force Commendation Medal; Air Force Astro-
naut Wboa and the New York State Medal for Valor. He Is a member of the
American Nuclear Soclety', Tau Beta PI, and Society of Experimental TestPilots.

Mr. Anders is married to the former Valerie UA Hoard of Lemon Grove, Call-
fornia. They have five children, Alan, Glen, Gayle, Gregory and Eric.

TIDNATIONAL A31ONA'UTIO AND SPACE COMiiOM

- T'he National Aetonautifs and knaee Council ts In the Executive Office of the
Preide•it n•tu was established byutbe Natisbal Aereoauties and Space Act of
168

It has the responsibility for advising and asistin the President with respect
to policies and performance throughout the entire aeronautics and space field.
This Ineludes the apac activi•s of the Department of Defense, the National Aero-
nattles and Space Aftmnltration, the Atomic Energy Commission, the State
Department, etc. As outlined In the law, the 0ouncil's functions Include the
Following:

(1) survey all significant aeronautical and space activities, Including the poll-
des, plane, programs, and accomplihnments of all departments and agencies of
the United bates engaged In such activities;

(2) develop. a comprehensive program of aeronautical and space activities to
be conducted by departments and agencies of the United States;

(3) desugato and fix resopsisbility for the direction ot major areenautical
and space activities;

S(4) provide for eteetive eooperation among all departments and agencies of
the UnlteLStates eogged in aeronautical and space activitiesh, and specify, in

say cse w r$1ary. rsonmallity for any categor ot aWonavtoaw and
space activities hX6 been assigned to any deplartment or agency, which of tkoss
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activities may be carded on concurrently by other departments or agencies; and
(5) resolve differences arisn mong depameunts and agencies of the United

states with respect to aeronautical and space activities under this Act, fnclud-
ing diferepms as to whether a particaw project in an aeronautical and mce
activity.

nh members of the Oouncil ane the Vice President (Chairman), the Secretary
of State, the Secretary o• Defense, the Administrator of NASA, and the Chair-
man of the ADO.

Mr. HcmHuu. I would also like to welcome the senior ranking
minor'ty member of the committee, Congressman Thomas Pelly of
Washingto to these hearin=

Mr. Plz. Thank you, Mr. Chairman. I recall our hearings last
year to which you refered in your opening stement. I think those

ppi up very definitely the fact if there had been the in-
terest in research, say 10 or 15 years before, many of the problems we
are experiencing today we would not be facing.

I am hopeful again this year we can have testimony from dis-
tigushdwitnesses who will again help us to increase the emphasis
that those of us who are on this subcommittee I know feel must be
given to research and aeronautics. I, too, welcome the distinguished
witness today.

Mr. Hncmu. Thank you, Mr. Pelly. Mr. _Ilkens, a ed
member of the committee, do you care to make an opening rva-
tion also?

Mr. LuKUxs. I want to say, Mr. Chairman, I welcome the oppor-
tunity. I do welcome the opportunity to say hello to the witness today.

Mr. ANims Thank you.
Mr. Mnzm. I want to say this off the record.
(Discussion off the record.)
Mr. Hwhim Back on the record.
Mr. Xmxmn I am very happy to welcome the Colonel here. He has

undertaken a very important task.
Again we find our hands tied by traditions, and certain forms of

bureaucracy. This committee technically can go no further than to
talk about the technical side of aviation and what can be done in it.
When it comes to some of the big things, or the operational phases,
of course that is the responsibility of another committee. We have got to
make very sure we do not encroach on their grounds, although it is a
very fine line that divides us.

I am hopeful that perhaps some day the agencies having to do with
the operation of airplanes, in the private sector, will have some co-
ordinating agency in Government that can help them. The CAB and
the FAA all are concerned with these matters. These matters ar, not
our principal concern yet we cannot overlook them.

As one who has to aepend on transportation to get around the coun-
try and across the country, I realize the great boon the aviation in-
dustry is to us, except when an airport is socked in. One of our mem-
bers, who is chairman of a subcommittee, was up in Hartford last
week. He got up at 7 o'clock in the morning so he could get a plane
to come here to conduct a hearing at 10 o'clock. About 11 o'clock we
got a telephone call from him from Norfolk. The Washington Airport
was "sookd in."

IL Mmy own case I remember I was wanting to go to Boston one time.
When wegot to New York we were grounded. t 3 o'clock in the
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morning thea- started us up oxý,a series of buses that got theror-we left
at abqtUJl 6ecock atiaight, I guesait was, Dick?3t 'Mr. lHIaM. Yes sir.

MVr' MWLLn. We got into Boston -at 3 o'clol•k in the morning. I was
on a discussion panel at 10 oclock. I thin4 it would have been much
better if i had stayed at home.

But I am saving this now for the benefit of my colleagues on other
committem ,

It is indeed hard to get into small towns in the.Middle West now.
Mv wife's people came from a very small town in Nebraska. Then we
would have to get off the train in Denver and catch a local into Omaha.
But, it would stop at a town within only 4 miles of my wife's home.
Today if vyou want to get. into the same community you take a
bus two-t.h'rds oftthe way across the country. If you go by air, you
are not too certain whether or not you are going to get into the snil
airport of this town. Itis very hard to figure on.
, T think these are some of the things that have got to be taken care

of. In aviation, a good deal, of it is the technology that can furnish
necessary equipment for bad weather landing. I am sure in the future
we will break through the fog harrier and be able to land in all types
of weather, That is one of the things that we must be concerned with.
The pmssure for this should be coming fronm other agencies of Govern-
ment, too. I am a little afraid this hasn'tbeen the case.

This isn't, your problem, Colonel. It is the problem of the country.
but it is the thing that you and this committee must look to because we
do have some secondar.y responsibility in the field. Thank you, Mr.
Chairman.

Mr. HE•CILER. I appreciate your comments, Mr. Chairman, and con)-
mend you for the leadership you have exercised in the field of aero-
nautics. I would liketo also make it perfectly clear for the record that
it was at your suggestion that these hearings on aeronautical research
were initiated.

Mr. Anders, once again we welcome you and you may continue with
your statement.

Mr. Awmm-ns. Thank you.
It is a great pleasure for me to appear before your subcomnitteetoday.

This is my first appearance before Congress as Executive Secretary
of th' National Aeronautics and Space Council. It is appropriate that
this first appearance of mine deals with aeronautics since, as I have
mentioned several times in conversation with you, Mr. Chairman, I
intend to insure that the responsibilities in aeronautics that have
been assigned to the Council and its staff are not neglected.

Mr. Chairman, I have been reading with great interest the docu-
ments reporting on previous congressional 'hearings and staff in-
vestigations concerned with aeronautics. These review activities have
performed a great service to the Nation by identifying many of the
problems which threaten to diminish the liealthy growth of air com-
merce and the essential development of military aviation in our
country.

Since I assumed the office of Executive Secretary of the National
Aeronautics and Space Council just last September, I feel that; it
would be presumptuous for me to suggest that in the brief time I
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have been on the job, I could become sufficiently expert in this compli-
cated field to make a significant contribution to a detailed listing
of the problems which face aeronautics today. Much of this identifi-
cation has already been done well by experts in this field, not only
in your past hearings, but through reports in the technical and pro-
fessional journals; through articles in the trade press; and through
the publication of technicai studies by those Government ageiw-ies
concerned with various aspects of aeronautics. But, though I still
have much to learn in this area, it does seem to me that our nationial
aeronautics problems can be placed into the broad categories of basic
research an development, flight vehicles and propulsion, air trafliic
control, airport. planning, and public irritants.

What I would like to concentrate on this morning are my plans for
the organization of my staff and the role of the National Aeronauticsand Space Council with respect to the national aeronautics effort and

its relationship with the Government agencies and departments that
are concerned with aeronautics. This will be without regard to whether
these agencies are statutory imembers of the Council.

In order to fulfill the aeronautics responsibilities assigned the ('Clin-
cil bv the National Aeronautics and Space Act of 1958, I am rein-
forcing my staff with aeronautical specialists. As a stop-gap measulre.
to bridge an excessively restrictive budgetary situation, I have had
these specialists detailed to the NASC staff from NASA and the l)( )lD.
Hopefully the situation will soon ease and I will be able to employ
this type of expert help directly. These expert-s will have recent
experience in aeronautical resepareh and development, techni.cal iimali-
agement, and operations, as well as an appreciation of how the Gov-
ernment agencies and departments work within themselves, with each
other, and with civil aviation.

My plans are that they will concentrate their initial efforts (o spe-
cific isstes within the broad categories of problems that have been
identified. The solution of these specific problems hopefully will lead
to a more clearly defined national aviation policy which will hel
establish national aviation goals. In this way we should be equipped
to determine how aviation can continually improve its service to !a)-
ciety. Of special importance, we should be able to identify potential
problem areas that can be addressed before they become critical. Of
course, the level of effort I am discussing this morning is continizent
upon approval of the budget I am requesting for fiscal year 1971.

One of the first issues 1 plan to address is that of aeronautical R. & 1).
policy. A congressional report recommended almost 2 years ago that
the National Aeronautics and Space Council act as the focal point for
the development. of it more comp)rehensive and better coordinated aero-
nautical R. & D. policy. Since mv appointuient as Executive Secretary
of the Council, many aerospace professionals have expressed their per,
sonal hopes to me and members of mv staff that the Council could
indeed be the mechanism for top-level niational foous on aeronautics. [
agree that the Council could he very effective in this role. Therefore.
my aeronautics staff and I intend to work closely with appropriate tie-
partments and agencies toward this goal.

Aeronautics covers a wide spectrum of activity: research, develop!
ment, testing, production, crtification, regulation, and operation& The
areas most critical from a long-range point of view appear to ,be re-
search, development, and testing,. for these activities provide the con-
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fidence and capabilities needed by the manufacturer and operator in
order to prog . It is to these areas that my staff and I plan to de-
vote our major attention. In addition, we recognize that our respon-
sibility in aeronautics extends far beyond the development of flight
vehicles. Our national policy must include consider.,,tion of the complex
man-machine relationships within the environment in which the vehi-
cle operates. One cannot change a part of the system without some
effect. on the others. Nothing worthwhile comes free in our world today,
and that includes progress in aviation. Many times progress creates
problems, and the problems frequently manifest themselves in the
form of public irritants-noise, pollution, travel delays, and so on. Our
staff awareness and understanding must extend to these types of
problems as we work with the Government departments and agencies
and with industry in seeking prompt realistic solutions for the mini-
mum tax dollar.

In this discussion of Council responsibilities and methods of opera-
tion, I may have left the impression that the Council with its staff can
be a panacea for all aviation ills. The functions and responsibilities of
the Council in aeronautics, as stated in the National Aeronautics and
Space Act of 1958, are quite broad and will be beyond the capabilities
of the Council and a competent supporting staff uiless we L.ave the full
support and cooperation of the governmental departments and agen-
cies that also have responsibilities and interests in this field. Just. as
NASA cannot unilaterally be expected to solve all problems in aero-
nautical research and development, the NASC cannot unilaterally re-
solve all the vexing policy issues in aeronautics. I do not vie-v the
Council staff as a small research and development group. Nor are we
an inspector general who grades the work of others. I do believe.
though, that one of our chief responsibilities is the identification of
gaps in aeronautical research and development which, if unfilled, will
have a detrimental effect on the healthy progress of aviation. Mvstaff
and I will work closely with responsible departments and a.4encies
as well as industry and the universities, so that we can anticipate prob-
lems and coordinate research in a timely manner to avoid the necessity
for crash programs and other reactive-activity. What I would like to
see in the future is effective planning and policy on a national basi.
This does not necessarily mean that the implementation of these poli-
cies or plans will be inexpensive.

However, by avoiding symptomatic solutions, such as the aspirin you
mentioned earlier, the tax payers should realize more research and'de-
velopment for his tax dollar. To assist in our planning, my staff will
draw upon the many studies and investigations sponsored by other
Government agencies and departments, as well as by the industry and
trade associations. This procedure will also assist in our identifica-
tion of today's and tomorrow's aeronautics problems. In this regard,
we have already initiated an effort to compile the recommendations
of the studies and investigations conducted during the past decade as
a first step toward understanding the situation confronting us. We
want to see what past recommendations have been acted upon and
what reasons exist for those that have not. After this has been accom-
plished, I should be in a better position to answer the questions on
aeronautics problems posed by this subcommittee and also be in a better
position to formulate recommendations to the Council for policy con-
siderati6n by the Chief Executive.
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The development of an effective national policy for aeronautics
requires the active cooperation and participation of all concerned or-
ganizations. When the Council was established by the National Aero-
nautics and Space Act of 1958, the statutory membership was repre-
sentative of the primary Cabinet-level interest in aeronautics. Today,
this country has three great agencies concerned with aeronautical prob-
lems: NASA, DOD, and DOT. Although not a statutory Council mem-
ber, the Department of Transportation, since its establishment, has
been invited to participate in all Council meetings when aeronautics
has been a subject of discussion. This practice will continue and, I hope,
it underlines the importance with which the Vice President and I view
the Council's relationship with the DOT and its aeronautical agen-
cies: the FAA and the Coast Guard. Since many of the publicly rec-
ognized problem areas fall within DOT's purview, any dialog preced-
ing recommendations for national policy cannot be conducted without
that agency's involvement. I intend, as my staff is developed, to in-
crease our existing interface with DOT and its agencies to insure their
timely input to Council deliberation and staff activity.

Each of the Government organizations that are active in aeronautics
has its own unique talents, qualifications, and responsibilities. There is
some overlap in research, development, and testing capability among
them, but this is not in itself bad. Sometimes, the technique of multiple
research approaches to solving a problem is the most economical in the
long run. On the other hand, be eve that where there is overlap, care
should be exercised to see that undesirable duplication of effort and
facilities is avoided since every unnecessary duplicative effort wastes
valuable manpower, facilities, and funds that could be more effec-
tively applied to other areas in need of attention. Since we do not have
unlimited funds, skills, and facilities as far as our Nation's aeronau-
tical R. & D. needs are concerned, we cannot afford to divert what
resources we have on unprofitable duplicative effort. Such unproduc-
tive effort can be avoided only through close interagency coordination
and cooperation. To this end, I believe the Council and its staff can bemost helpful. We would hope to be the catalyst for this process toassure that coordination of programs is taking place, and to encourage
cooperative or complementary Gover meat programs where the Nation

woul4 benefit.The delineation of the activities and responsibilities of the three

technically powerful Government agencies which have talents in aero-
nautics was easier in the past. than it is today, but some generalizationis possible. NASA, as the NACA before it, is the primary aeronautics
L. & D. Agency of this Nation. The DOD has special qualifications in

certain research areas, but of course its main capability and s lie
in the development and operation of military systems. The DOT and

its Federal Aviation Administration are charged by statute with re-search and development for civil air systems as well as insuring the
safety of civil operations and the crntrol of the Nation's air tharffc.

The niASAw statement made before this subcommittee last year did
an outstanding job of describing the complexity of aeronautics and
recognized how difcult it is to allevitt one problem wilthout creationg
others. An aerodyndaic research profect may result m a new wing
design of greater flight efficiency, but it may alo s influence te opera-
tion of the ircraft in the termina area, causing the air traffic control
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system to become overloaded. On the other hand, a new avionics break-
through might make the acceleration of air traffic handling possible at
one 'point in the A.TC system while producing traffic saturation at
another point. Limitations on operations at key airports due to noise
restrictions or inadequate air traffic control capability can change
airline procurement policies regarding new aircraft. Military tech-
nology applicable to the improvement of civil systems ma be un-
available to the civil air system because of security reasons. These are
illustrations of the complicated interagency problems which occur
daily. I strongly feel that the Council and its staff can and must pro-
vide a useful and productive service in the key role of assuring that
coordination and communication take place between Government
agencies with aeronautical responsibilities.

I have not yet commented on one specific recommendation suggested
for the Council in the past by a Congressional Report on Aeronautical
Research and Development. In calling for an in-depth study on civil
aviation R. & D. policy to be performed jointly by NASA and DOT,
the Senate Committee on Aeronautical and 8pace Sciences recom-
mended that as soon as the results of the study are available, the
National Aeronautics and Space Council, with the Department of
Transportation and Bureau of the Budget as participants, consider
the appropriate level of Federal Government involvement in aero-
nautical R. & D. This joint NASA/DOT study has begun, and will,
hopefully, provide some of the important answers we are all seeking.
I am pleased to'report that my staff and I have been in contact with
the executive director for this effort. We are following closely the de-
velopment of this study.

In summary, Mr. Chairman, I wish to assure you and the members
of this subcommittee that I am attempting to implement the Vice
President's wish that the National Aeronautics and Space Council
be active in space and aeronautics. Aeronautics will receive Council
staff attention. However, our success in dealing with aeronautics prob-
lems at a national policy level will be determined to a great extent by
the interest and support-provided by both the Government and private
business. The task ahead for all of us is not an easy one, but I can
assure you that the Council and its staff will work to assist in the
development of a national aeronautics posture that is vigorous, effec-
tive, and responsive to the needs of our society. I wish tobe as helpful
as possible to this subcommittA. I believe my planned staff will be of
assistance to y ou and your colleagues.

That concludes my statement, Mr. Chairman. I thank you and the
members of the subcommittee for inviting me to appear.

Mr. HEcimL.. Thank you for this excellent leadoff statement, Mr.
Anders.

As one of the three-man crew that first circled the moon, you may be
in a position to answer a question I am frequently asked. How were you
,Iible to get up to the moon so sucessfullly when now we are unable to
solve a lot of these aeronautical problems of a more mundane nature?htow do you answer that question?•

Mr. AioE~s. I get that question with respect to a lot of the problems
that face our country today, Mr. Hechler. It seems to me we could say
that the job of landing on the moon really is kind of a simple one. The
President stated his ruirement. He gave the job to the engineers.



They brought out their slide rules to determine what was necessary,
turned their computers on, anod the Apollo system came out the other
end. That, sort of oversimplifies it, but I think that puts it in some
perspective.

Congress got behind them and provided the funds to do the job.
This is mainly a technical job. The problem we are talking about today,
aeronautics, is a technical one, but it is also a "peoplee' problem. It
reminds me of Dr. von Braun's comment when asked that same ques-
tion. He said it reminded him of a situation at a large dinner party,
where he knew where he was, he knew where his seat was, but it was
always so difficult to get there because there were so many people in the
way. These people problems are some of the hardest we have to address;
we can't work them out on a slide rule-noise abatement-

Mr. MnLxR. Would you also include in that "people's problem" some-
times there are political problems and, interpolitical problems too? I
was in a dinner party in Los Angeles given by one of the people high
in the space agency, and one of the guests was the mayor of Los
Angeles. The president of the university interjected a question: "Mr.
Miller, you talk about going to the moon. What are you doing in Con-
gress about solving the transportation problem in Los Angeles, get-
ting people to and from these places?"

Isaid, "Doctor, we are not. doing anything in Congress about that,
because if we did, the gentleman sitting next to you, who happens to
be the mayor"-now the mayor and I started in politics together in
1936, and I served with him in the House-I said, "the gentleman
sitting next to you would be up on his hind legs just screaming to
high heaven."

George, you will pardon me because this comes from your part of the
country-this was Government interference with the municipalities
of the people of the State, and the duties of the State officials and the
Feder&l Government. Isn't this part, of your problem, too?

Mr. ANDERS. That is included in what I meant by "people" problem.
Mr. H-cHLER. I would like to make one further observation before

throwing the discussion open to other members of the conmmittee.
I never cease to underline the fact that the organization of which

you are Executive Secretary is called the National Aeronautics and
Space Council. You are operating under the authority of the National
Aeroanutics and Space Act of 1958. This committee aeals in its imajor
relationships with the National Aeronautics and Space Administra-
tion, and it is for this reason that we are putting so much emphasis on
aeronautics.

You referred to the National Aeronautics and Space Act of 1958,
and I would just like to include for thie record at this point those
portions of the National Aeronautics and Space Act of 1958. as
amended, which define the functions of the Council of which you are
Executive Secretary:

To advise and assist the President in the following: (1) Survey all significant
aeronautical and space activities including policy plans, programs, and accom-
plishments of all departments and agencies of the United States engaged in such
activities; (2) develop a comprehensive program of aeronautical and space
activities to be conducted by departments and agencies of the united States:
(3) designate and fix respdnsibilities for the direction of major aeronautical
and space activity....
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So you have a very broad charter for aeronautics in the National
Aeronautics and Space Act.

I am very pleasod that in your opening statement you recognize
the scope of responsibility, and the capacity and potential for future
leadership in the development of future research which the National
Aeronautics and Space Council has.

Mr. Brown, do you have any questions or observations?
Mr. BRoww. I don't have any questions rht now, Mr. Chairman.
Mr. I-CHymLF. I am pleased to welcome Mr. Fulton.
Mr. FuLToN. I am glad to be here.
Mr. IICHLER. Do you have any questions or statementst
Mr. Futiqo. I think Mr. Lukens and I were talking about the

problem of not only the people but of the traffic congestion, the mere
congestion of jeople. On the moon you don't have this congestion,

fhave" been interested in the Space Council, and have questioned

whether the membership was set too high when it was set at Cabinet
level.

I feel that people who work on a more practical basis should be put
on the Space Council-Dr. Pickering might be one, or ",e head of
Manned Space Flight might be another, or somebod-' from the
operating agencies, or the overseeing agencies of the aeronautics
industry. Would it be possible to bring it down out of the clouds and
get a much more close interface with Council members that are more
in the operation? For example, Dr. Werner von Braun might be a good
suggestion, or General Philips and George-Dr. George Mueller.

Mr. =_LLER. Will the gentleman yield?
Mr. FULTON. Yes.
Mr. MILLER. I perhaps have a little more experience in this field

than most of you because I was chairman of the first Subcommittee oh
Oceanography established in the Congress-you were on it Mr. Pelly.

Mr. PEpuy. I was on the committee.
Mr. FULTOn. We on this committee have always regretted that you

got it away from us.
Mr. MnuL Well, we had another interagncy committee on ocean-

ography which was prett7 much on the level of which you speak. It
never got anything aone because the people who came there wouldn't
speak or their agency. They had to go back and get the permission
of the head of the agency.

So I think when the Space Council was set up, that they did put
the heads of departments on it. But the heads of departments can
designate people to act for them and be present for the agency, but
at least they have the direct line with the secretary. I think this is
something you would want to watch and study very carefully before
any changes were made in the Act with respect to the membership of
the Council.

Mr. FULToN. I think probably the Secretary of the State Depart-
ment is unnecessary on the Space Council.

Mr. H" ' Will the gentleman yield I
Mr. FULTOn. I will be glad to.
Mr. Hx-•m&m Excuse me, Mr. Chairman.
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Mr, MUaUU. He mentioned the Swereta7 of State. You don't know,
whether or not in the not too distant future, the Secretary of State's
posi tion on the C(oucil mony be very importat. Right now NASA
hrs entered into an agreement with India to orbit a co ui ons
satellite, to beam rih*t into 2,000 schools in India for the purpose ofSestalishinx education in these places.This ie tum dc where youn in going to need someone from State,

and sweone 9-gh w uup in State who can talk to the Secretary
if problems arise in this field. This is merely one of them.

Mr. FuLTN. The point of my request was I would like to see how
many of these to -flfght people ever came to any of the meetings, or1 kn~w anythiing =J~t it.

Mr. MTTTzR. How often do you send your administrative assistant
to CongressI

Mr. FULTON. Maybe we should awk the witness.
Mr. Axoms. We have had two Council meeangs since I have come

onboard. In both cases we have either had the principal designated
by law, or one of his immediate decisionmaking level people present.

With respect to what Mr. Fulton has said, I view the National
Aeromautics and Space Council and its staff to have a twofold value.
I think, frankly, one of the most significant values it can have is
through the activities of its staff, whose interfaces are with the kinds
of people you mentioned; and as a matter of fact, I think every one
you mentioned we have had contact with in just this short period I
have been onboard-Werner von Braun, Dr. Pickering-because these
are the operations people; these are the doers, and these are in fact
the staff members of the principal's staff.

We feel it is very important for our group, the Council staff, to
have a very close interface with the various agncies at the working
levels, to be able to generate appropriate staff work, to be able to
look ahead into the future and talk to these people and get their ad-
vice, in order that 'we can present to the principals themselves essen-
tially a completed effort. By the time the Vice President, Mr. Laird,
or his designee, Dr. Seamans, Under Secretary Johnson, Dr. Paine,
and Dr. 8eaborg get together as our Council, we want the package
pretty well i hand so they can have some final discussion on it and
either approve or disapprove the plan.

I think in effect, Congressman, we are implementing your desire,
and it certainly is our desire to do just that, because we feel that we,
the Council staff, cannot operate in a vacuum. We cannot sit over in
the E~xecative Office Bu=ld and pontificate space and aeronautic
polieies. We have to go out and find out for the President what it
is his operat ing agencies feel are required in the future. Check
with e unversities, scientific communities, check with the public
and private enterprise, check with Congress, and all the other forces
that are bearing on any decision that he might want to make on space
or aeronautics.

"Mr.nFvmri. I am glad the Vice President is so interested in aero-
nautics and space, but I can hardly believe he has been at a meeting,
in All good humor, because when he is associating with you intellectuals
there have been no quotes. Let me ask you to supply for the record:
The relationship to the activities of the National Aeronautics and

88-G----70-2
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Space Council of Col. Frank Borman, U.S. Air Force (in his present
capacity), and Col. Michael Collins, U.S. Air Force, in his future
role as Assistant Secretary of State for Public Affairs.

Mr. AND=Rs. Yes sir.
My statement is as follows: Colonel Frank Borman, USAF, Is presently as-

signed to the National Aeronautics" and Space Administration in the capacity of
Field Director, Space Station Task Group; I flew with Colonel Bowman on Apollo
S: he is a man with considerable experience in the aerospace field and one whose
judgment is greatly respected at all levels of government and industry. Colonel
Borman has no direct relationship with the National Aeronautics and Spaee
Council that would differ from that of any other senior NASA official. Colonel
Borman has, from time to time, been assigned specific space-related tasks by the
President; e.g., foreign goodwill trip, Apollo 11 crew dinner and ceremonies,
Cosmonaut visit.

Colonel Michael Collins, USAF, will soon be assuming his new position as
Assistant Secretary of State for Public Affairs. As you know, the Secretary of
State is, by law, a member of the National Aeronautics and Space Council. While
Colonel Collins' new position is strictly in the field of Public Affairs as it applies
to State, there can be -no question that his advice on space matters would be
available to the Secretary of State as desired.

Mr. FYuLTo.. When he has been associating with you intellectuals,
maybe you-plural-intellectuals, there have been no quotes from the
Vice President.

Mr. ANDIES. He made a comment in one of his speeches, talking
about the problems afflicting our country, addressing himself to the
sort of question Mr. Hechler asked, about how can we go to the moon
and not solve--I think he made some comment that said what we need
to do is transfer some of the spirit of the space program to other pro-
grams. I know he is interested in space and in aeronautics.

Mr. HwcHLERg. Getting back to the question of the membership of
the Council which was raised by Mr. Fulton, I noticed on page 4 of
your prepared statement that you comment on the fact that the De-
partment of Transportation, although not a statutory member of the
Council, has -been invited to participate in all Council meetings when
aeronautics has been the subject of discussion.

It would seem to me because of the great importance and the central
role of the Department of Transportation, that Congress should make
the Department of Transportation a statutory member of the Council.
I simply make that as an observation rather than an assertion, and I
would be pleased to get your reaction.

Mr. FULTOx. I agree with that, too.
Mr. A•imws. Quite possible, Mr. Hechler, I am not yet at the stage

of my learning process in Washington where I can form an opinion-
I am not yet familiar with the problems and advantages invo ved.

Mr. M•Uam. Could I make a suggestion to the subcommittee chair-
man?

Mr. Hz•oKLu. Yes.
Mr. MuiLz. If in the report of this committee to the full commit-

tee, you should suggest this, I am certain that the full committee
wouldalso suggest it, and it would be a very simple matter to render
a bill to accomplish this. The Department of Transportation should be
in here; It came into being later, so lere is one item you might put into
your report if you saw fit. I am not going to ask you to do it-George
is slhaking his &ead.

Off the record.
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(Discussion off the record.)
Mr. hfiraz. Back on the record.
Mr. HiCuLER. Mr. Fulton.
Mr. FULTON. May I have one point? May I make one comment on

the statutory language ? Is the language applicable at the present time
when it more or less says to the National Aeronautics and Space Coun-
cil that you are to actually come up with the programs-sort of a super
departmental programing agency between the departments and the
President?

Is that language accurate at this time, aocotding to what you say in
your statement?

Mr. Als-nPms. Mr. Congressman, I am not a lawyer and hesitate to
try to interpret exactly what this wording implies. It could imply that
or it could imply something else.

I think that the limitations of the Council staff would preclude
doing NASA and DOD and the principal's planning jobs for them.

I think, we, as the staff, advising and supporting ouncil members,
have to insure, are obligated to insure, that such planning activities
are in progress in the various agencies which are members, and also
in the nonmember agencies with respect to those who are interested in
space and aeronautics. We must try to be helpful in pointing out where
possible gaps in plans and policies exist.

I view our job in reading the letter of the law, then trying to assimi-
late it to try to determine what I am supposed to do-I view my job
as looking at space and aeronautics through the President's eyeq. to
try to see what view lie would take of the various problems and plans
and policies, and therefore try to be in a better position to have my
staff develop the policy problems and planning areas you are sug-
gesting for action.

Mr.7FLOrrroN. Then how would you fit in with the President's science
adviser in his staff?

Mr. Axn.Ds. I think the President's science adviser, Dr. DuBridge
of the Office of Science and Technology, has a similar responsibility.
He looks at science-this is a 3-month experience I am speaking from
now-it is my understanding he looks across the broad spectrum of
science and technology, and advises the President how the Nation
should best proceed T6r proper development of these areas.

In one aspect of science and technology would fall space and
aeronautics.

We look at it the other way, the other dimension, looking at space
and aeronautics in a national way to include those aspects of it that
would fall into the category of science and technology. But I submit
that there is more to space than science and technology. It must be
looked at in its total context-national security, international coopera-
tion, national spirit, and those kinds of things.

I would say Dr. DuBridge and I would ferm part of the administra-
tion team in developing for the President the best space and aeronau-
tics policies and best s•ience and technology for the Nation. We are
meeting this afternoon to discuss future space and aeronautics plans.

Mr. FuLTOw. I had xecommended thlre be'a seemnd astronaut.. As a
matter of fact, I had a bill in to include an astronaut, a practical
working astronaut, ak dhe Etecative Secretary is- wualsy called, and
one additional member "oh the Council. Would you recoimend that,
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Mr. RuixR. Mr. Chairman, Mr. Fulton I think it is rather em-
barfasi" to ask this question of the gentleman. After all he is not
a Memb of Congress, and he represents the administration. Before
he could answer that he would have to clear it with the White House.

Mr. uezeoeN Thank youe That is all.
Mr. Hwoull Mayt I comment na some of the very significant state-

wnts you have maee in your hri pared testimony concerning the need
for a national aviation o aioyaio

Starting on pape 2, in this sub the page, you state:
The weutbe gi to u percstd problems hopefully will lead to a more clearlydefined national aviation policy which will help establish national aviation goals.

And then again at the bottom of page 3 and top of page 4, you sauc:
What I would like to see in the futuro th e proe ee planning and policy on a na-tional beas.a

And te beginning of tha pampl in oc e middle of page 4:
T developmnt of an effective national policy for aeronautics requires the

active cooperation and participation of ally concerned organputions.

I would like to focus the searchlight on those statements becaose I
think those statements are highly sienificant and underline the need
for the enunciation of v national policy.

The more that we gfet into this subject, piecemeal, in Coanreys, the
amore we i to understad the necessity for looking at theis picture

in broader perspective. And if we are to apply the lessons of the suc-
cessfuel trip to the moon to the problems here on earth, as you sug-
gested, as t se thatuexanmple by focusing attention on the develof-
ment of a fnational poney for aeronaticr, which clearly, of course, isthe functioniof the Chief Ex~cutive, as you so well put forth here. But

I would just like to tommend you for bringing this whole problem intofocus, and see if,you have any other observ ation to make on the need
for a national aviation policy.

Mr. Althm. My feelings aerodamic e asivery prelsman"cary, Mr.
oher n. hBut it occurs to me as a military pilot, test pilot, private

ot what-haye-you, that iust n't look at any one section of
th and try to define the whto pie.

Jan as this subcommittee must sometihes at least be aware of
activities falling under the purview of other subcommittees it s my
viewlyou b cath adress yourvp t f to the aviation problem todan without
mendtoalls th way froms aerodynamic basic researchdto bagga.e-

'.at Puw York Airport. I think each has its effect upon theoter. ahi is a pretty big toblem, andI think it will take a lot of
work by & lot of poople. But it is one that we hope to at least look

at Cand try to Save .atetion to in order to develop guidance to helpand assist the 1'rsient as he may request in these areas.
Mr. Hzmm I hope one: of. the things, Mr. Chairman, that will

come out of these hearings and in the_ repo-rt this subcommittee writes
will be the development of a national aviation policy and the recom-
mendations that such a policy be enunciated.

Oa.onI, fis .of ,all,, I Woild ri,. to .say I think for your first

eXPee Of be n before a congreusioual committee you have done
mighty ywall. ,Mov p7baly for, the resop that you forthrightly
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indicated your lack of being on the job very 1o0 and you didn't
stick your ecmk out at any point that I could see. I tnk you probably
didn'i emphasize in your statement something that maybe you realize,
and that i there is a tremendous amount of public interest now in
your particular responsiblity.

T Unversty of Was gton is in my distri and rny
read students there were aciually more •nterested m environment
than they were in the Vietnam War, if they could be more concerned
about anything.

But it seems to me with your noise abatement that you mentioned
and pollution and the other problems of air, you have certainly touched
a spot that indicates the importance of your assignment and signifi-
cance of your assignment.

Before you started your testimony I referred back to the previous
hearing. It was indicated that, if 10 or 15 years before we had done
the research, we wouldn't have many of the problems we have today.
I was thinking, when you were tking about fliht control, and
other matters, that in the previous testimony before our subcom-
mittee I think the statement was made, was't it, Mr. Hechler, there
isn't an airport ir' the country today that you can take two 747's at
the same time. Or maybe it is more than two 747's because of the
baggage congestion. I remember being told more people meet an
airpane actually than get off of it.

So now today the 747 has come into being. The first one is in process
of being delivered to Pan American now. I wonder how many air-
ports today Are prepared to take care of the 747. There are 10 of them
sitting out there on the field in Renton Wash., waiting to get their
engines, and then they are going to be delivered. We are way behind
in our research work on the various airports in the country.

This is where I hope you are going to be reporting to the President
and giving greater emphasis to research. The 747 as a result of research
is not as noisy as the 707. It foes right over my house out near Seattle
practically every day. It isn t noisy as far as I can tell at all. I don't
believe there wil be any problem with noise.

The House has made a momentous decision that we are going ahead
with the SST. There again that is going to fly over water. You have
to be thinking in terms of research to take care of it in the 1980's; it
is the plane of the 1980's.

I want to say I think your appearance here has been to me very
encouraging and tremendously sIgnificant because of the fact of your
backro and experience With your experience you can meet many
of the research needs now and not have them delayed for 10 or 15 years
more getting people to and from airports, and all the problems that
you are going to be conversant with in the ears and eyes of the Presi-
dent. I welcome you here today. I look forward to your future
appearances.

Mr. AND=S. Thank you.
Mr. HzcnLi=. Thank you, Mr. Pelly.
Mr. BRowN. Could I ask a question I
Mr. HECHLER. Mr. Brown.
Mr. BaowN. Mr. Anders, in this area of coordinating research and

identifying the gaps and so forth, it seems to me You have a prollem
in certain areas as a result of classification situations, and I want to
ask this particular question.
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With regard to safety in aircraft, we badly need some research and
development that will identify possible collisions and possible crashes
and that sort of thing. We seem to have some marvelous developments
in radar and radar control of aircraft, such as in the F-111, and
things like the descent radar on the landing craft on the moon.

Is there likely t* be' a problem as fox as your coordination of re-
search, in that certAin types of data which might be available are
classified, and there is an inadequate ability to get the application of
this to civilian uses, such as aircraft safety?

Mr. ArNzas. In the development of m. staff, Congressman, I have
military .ople detailed to me at. this timne people who have back-
grounds in the areas that you are talking about, in the areas that are
in some cases classified, and many cases not classified. I hope to get
more experts, because though we can sit here today and discuss our
interest in aviation it still takes people to be able to do a decent job.

It would be my hope that the military cognizant people would be
able to transfer to t ose looking at the civilian side of the house,
expertise and information on R. & D. available that may be classified
and not generally available, and to assist in either the declassification
of this information, to make it available to the general public, or to
bring those members of the general public, the industry teams, into
the classification levels that ame required to make them aware of this
area.

In regard to your comment on safety and collision avoidance: Cer-
tainly the lunar programn has been very instrumental in developing
miniaturized and highly reliable electronics components and or-ga-
nizations like the lTASA Electronicsl Research Center in Boston, could
be and have been helpful in spin-off into avionics for aircraft and gen-
eral aviation field.

We hope to be able to be a catalyst. in assuring that this kind of
thing not only continues but accelerates.

Mr. BnowN. ,Well, I mentioned these specific examples merely in-
dicating. apparently, we have developed highly sophisticated devices
for guiding vehicles based upon proximity, the F-1ll, and the lunar
landing craft are both examples of this sort of thing.

It' would seem to me to be a disaster, if for reasons of classi-
fication , technological know-how is not translated into solving the
problem of aircraft above airports, for example. Or in the case of
aircraft, we have had two incidents in apparently a very short period
of time, where they collided with some mountains close'to an airport.

I would like to be assured, and I recognize you are not in a posi-
tion at. this point to give me any assurances, but I would like to feel
personally assured, ana I think the Congress would, that the knowl-
edge that' we have in one pocket is not going to be kept secret for
the solution of problems that may occur in another area.

I would hope there is a mech anism through which you can han-
dle this, through the Council, more adequately.

Mr. AwDERS. Yes, I would say that is definitely one of the respon-
sibilities of the Council and the staff.

I would venture to say, even though I haven't been onboard very
long, that the main probiem facing us in' the solution of aeronautical
or aviation questions of this 'Nation iA not one of classification, but
one of economics.
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Mr. BRowN. In other words, we could have a very good system
for guiding the F-111, but it would be too expensive to guide a civil-
ian aircraft, is that the theory?

Mr. ANDx;tS Yes. Certain satellite systems are uitder study at this
time by NASA and other agencies, which could enhance the ac-
curacy of traffic control. But I am not convinced at this moment
that is thie real problem. It may well be a procedural problem of traf-
fic control. I don't think you can look at any one thing as being a
panacea to the ills that face us. Quite possibly we are going to have
to atop taking aspirin, or more pills, and look at this from a new
antibiotic point of view.

Mr. BROWN. Just personally I would hate to think we had reached
the point where we could develop something that was not too expen-
sive for military use but was too expensive for civilian use, some-
thing in that situation bothers me a good deal.

With regard to coordination of policy as between military and
civilian space programs, have you had an opportunity to get. in-
volved in this to any degree-the fact the DOD has roughly a $2
billion a year military space program as compared with the NASA
programf Is there a need to more adequately coordinate these twotypes of programs.?Presumably, this committee would have some cognizance of that

problem, but as a member of the committee I confess to having had
a great deal of difficulty in finding out information about the military
space program. I would hope that there is some agency which would
carry on some role of coordination as between these two.

Mr. AN•nERs. Mr. Brown, as you know, the Presideunts. Space Task
Group met last winter, spring, and sunme , and addressed it.cI f
to what our Nation's future should be in space, and has recommended
several options to the President which he is studying at this time. This
report was submitted before I took office but I am somewhat familiar
with it. I can assure you great consideration was given to both the
Department of Defense and the NASA space 1)rograms to attempt as
far as possible to make them complementary, rather than competiti ve
programs.

I don't think that more adequate, as you put it, coordination is re-
quired. I think we must have a continuing coordination between thee
two great agencies. There are organizaions to do that. There is a
group called the AACB, which stands for Aeronautics and Astro-nautics Coordinating Board, established by the Department of De~fense

and NASA which meets on about a monthly basis to address itself

to these kinds of problems.We in the Council, and staff, hav e t re ponsibility to assure this
coordination between agencies. You can be sure that I and my staffwill maintain a visibility across the board in the various mipitary and
civi7ian space programsand in aeronautics programs, to try to assist

•n this difficult jo•b of coordination.
Mr. BR~owN. I would like to explore this further with you next ycair

possibly and see how much opportunity you had to get a feel for the
success or the ongoing correlative of this coordination as far as yourown agatcy is concerned. I have a feeling for a number of reasons
there maiy be a little aiffcosltys in providing the coordinating fiinc-
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tion at the congressional level. I would like to be reassured somewhere
it is going on.

Mi. YHucMu You mentioned the Space Task Group. I don't think
it is revealing any State secrets to indicate several members of the
committee haa an opportunity to present our suggestions to the Vice
President prior to the convening of the Space TAsk Group. This was
before they began their anal sis or began to prepare any report.

At this meeting I stressed very strongly my own personal feeling
that the area of aeronautics should be treated by the Space Task Group
as part of its function. The Vice President expressed his interest
at the time.

I was quite frankly disappointed that the Space Task Group in its
report did not direct its attention to the area of aeronautics and its
relation to space.

I wouldn't want to ask you to comment on that omission, but I would
like to ask you this question: Wouldn't it be advisable to have an aero-
nautics task group that could do the same job for aeronautics that the
Space Task Group does for s pace?

Mr. AwNmts. Quite possibly, Congressman. At least it needs atten-
tion, in my view. At the risk of disappointing Mr. Pelly, and stick-
ing my neck out, I would like to say that the Space Task Group had
the narrow charter of looking-by 'narrow" I use that in quotes-of
looking at our country's future space program.

It convened experts in the area of space. Possibly their charter
should have been expanded to include the area of aeronautics, but had
it been, another group of people, I think, would have also been
required.

It is quite possible by making the job so big to include both space
and aeronautics that they would not have gotten the original part of
the job, the space job, done.

Hopefully in the future the information from that kind of an activity
will be developed-an aeronautics task group type activity such as you
mentioned.

Mr. PEmL. Mr. Chairman, will you yield ?
Mr. HEcwaLR. Yes.
Mr. PExy. Wasn't it at that time we had to set it in the direction

that we were going as far as space exploration is concernedI
Mr. AiNxn.s. Yes.
Mr. PzuX. Therefore, there was an urgency that probably dominated

that particular report ?
Mr. AwNDR. Yes.
Mr. PmLy. But I agree with Mr. Hechler we must get more emphasis,

and hopefully it will come from the Aeronautics and Space Council.
Mr. ANDFns. Yes. I am agreeing with you on that point, sir.
Mr. HzcuLxm. I would just lik e to make this observation. I think

it is unfortunate, however, that the problem is getting bifurcated.
It is all very well to have an aeronautics task group or have the Aero-
nautics and Space Council do something on this subject. I feel though
it is unfortunate when we have a National Aeronatuics and Space Ad-
ministration, National Aeronautics and Space Council, all working
under the authority of the National S§pace'Act, why we have to divide
the two because there is a relationship, Aeronautics should be given
equal status instead of pushing it aside and brushing it under the rug.
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Something that has not been mentioned today although you alluded
to it in your remark about the tremendous public interest. I think the
space program will get additional public support by emphasis on these
areas like aeronautics, where we can see the reslts, and where they
have definite contribution, not only to the civilian economy, but to solv-
ing the mundane problems that we are confronted with.

Mr. PXzMY. If I mi ht ask you to yield a little further. I think
maybe those of us who eel as you have stated probably should actively
elicit more emphasis, and possibly have another meeting with the Vice
President on that very subject.

I would certainly join with you in that effort.
Mr. HBHLER. I appreciate that.
I would like to ask one further question now on the statement you

made on page 6, the top full paragraph on page 6, where you make
reference to the joint NASA-DOT studies, and the last sentence of
that paragraph you say, "We are following closely the development
of this study '-merely to give us an indication of just what the role
is in a study like this, I wonder if you would elaborate a little bit on
what you specifically mean by following closely the development of
this study, and what is the precise relationship of the Council to this
study. What kind of leadership do you give to it, and can you give to
this type of studyI

Mr. AionmIs. With your permission, sir, could I ask Mr. Enders to
answer that question ? He has been involved directly in this area.

Mr. H-•myn. Yes. Mr. Enders.
Mr. Ewi=s. Thank you, Mr. Chairman. You asked for a precise

definition of the role which the Council and the staff would play
here.

I think it is quite difficult to define the role at this time with preci-
sion, except to refer to the charge given in the Senate committee's
recommendation. Both the effort itself and our relationship with it
are still in the developmental stage.

By following the development of the study effort very closely, as
we are doing right now, we can hopefully help to reduce the time
which it would otherwise take for the recommendations resulting from
this study to be given consideration, thus accelerating the realization
of potential benefits to the research and development plann process.

I think our staff can perform a service by identifying those partic-
ular developing ideas, as the study goes along, which might be suitable
for implementation by the appropriate agencies.

This is the relationship that the Council staff sees right now to the
joint study effort.

Mr. Aizm;ns. I would like to add, Mr. Enders has been invited to be
an observer at the deliberations of this group, and has been meeting
with Mr. Greene and his associates since he has been with the Council
staff.

Mr. Hzcm If you do observe a vacuum in a particular area they.
are addressing themselves to, is this the kind of action the Council
could apprpiatey take to make sure that vacuum is filled?

Mr. A•,me. Yes. It is my view Mr. Greene and his group are ex-
tremely well qualified to address themselves to the charter that has
been given them; the involvement of the Government in aeronautical
R.&D.
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This is a large piece of this pie I was referring to, and as we become
smarter and look at the total aeronautics picture, we, as a staff, would
expect, if we find vacuums or other pieces of the pie that aren't being
addressed, we should try to stimulate activity in those areas.

So, when all is said and done, we don't have a bunch of pieces of
a pie or puzzle that all overlap, but actually fit together. Quite pos-
sibly we could then be in position to assist with the determination of
a national aeronautics policy.

Mr. IHcm~xPa Mr. Pelly or Mr. Brown, do you have any further
questions?

Mr. PELLY. No further questions.
Mr. H]ECIL-a•.. Any questions, Mr. Boone?
Mr. BooiNz. No questions, Mr. Chairman.
Mr. HECi- aR. If there are no further questions, gentlemen, thank

you, Mr. Anders, and your associates for coming before the committee.
This has been extremely helpful testimony which will assist in the

focusing attention on the need for additional activity in aeronautics.
We want to encourage you in your job and indicate the committee,

stands behind you and hope you will call on the committee for any as-
sistance you may need in the future. We hope we may help you in
your efforts to place additional emphasis in this most important area.

Mr. ANDERS. Thank you, sir. I look forward to working with you
and your colleagues.

Mr. HPCMIR. If there are no further comments, the committee
stands adjourned until 10 a.m. tomorrow.

(Whereupon, at 11:17 aan.. the Committee adjotrned, to reconvene
at 10 a.m., on Taesday, December 2,1969.)

-------- ....... . . .a .. t- m m m u
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Housa op REPKFmNTATIVES,

COMMrirrH ON SCIENCE AND AsTrRONAUTICS,
SUBcoMMrrTEE oz; ADVANCED RF•S•LRCH AND TECHNOLOGY

Waslington, D.C.

The subcommittee met, pursuant to adjournment, at 10:04 a.m., in

room 2325, Rayburn House Office Building, Hon. Ken Hechler (chair-

man of the subcomnmittee) presiding.
Mr. HEmCHLEi. We are pleased to welcome for the second clav of these

hearings on aeronautical research, the Honorable James A. Beggs,

Undo Secretary, Department of Transportation.
Secretary Beggs is one of the many alumni of the National Aero-

nautics and Space Administration, and 'e ý .LS testified before the

committee on other subjects in the pq, t, and we certainly welcome

you, Mr. Secretary, this morning.

STATEMENT OF TAKES M. BEMGS, UNDER SECRETARY,

DEPARTMENT OF TRANSPORTATION

Secretary BAGos. Thank vou, Mr. Chairman.
It is my pleasure to be wiith you again this morning and to be able

to discuss this important area of aeronautics, in which, of course, the

Department of Transportation has a vital and continuing interest.

First, I would like to discuss the question of the appropriate role

of the Federal R. & D. programs in the field of aeronautics and the

problem of leadership in this R. & D. which have been raised so often

in the past. I think I have onie appreciation for this matter, having

served with NASA, as you gentlemen know, prior to assuming the

duties of my present position.
Our principal effort, in this area centers around the formulation of a

DOT/NASA joint study of civil aviation R. & D. policy. DOT has

the responsibility for coordinating this effort. In addition to DOT and

NASA personnel, we expecd to have representation in the conduct of

the study by DOD and the aviation industry.
This Is a substantive exponsion of the study we discussed with you

in September of 1968. The cudv effort has been greatly expanded in

keeping with the scope of the question it addresses. Dr. Paine and I

have confirmed our respective agency participation and our personnel

have outlined a preliminary study plan, initiated a contract study of

historic benefits derived from Federal R. & D., and have had our first
advisory committee and working group sessions.

We anticipate that the conduct. of the joint study should prove of

great value in establishing much more precisely than in the past. what

(23)
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the government level of effort should be in aeronautical IR. & D. :tnd
where the emphasis should be placed.

In this study effort, as in the past, we continue to enjoy a good
working relationship with NASA. As you know, we have had for
some time formal agreements with NASA regarding the coordina-
tion of R. & D. 'x kAd chiic -sp~rt:for our programs
such as the SST and tracked air cushion vehicle development. Co-
ordination on an informal basis between representatives of the two
agencies has always been prepa]ent, and has been the real strength
behind the formal agreements.

We are parteiularl pleased that this' year for the first time a
working arrangementhas been achieved between DOT and NASA for

r e h other's r sas they pertain to aero-
1. & D. A primary objective of this action has been to assure

ocodification in the President's budget, programs in civlatiare omplementary, and that these programs are

osiveto swe i en
I believe there has always been an appreciation on the part of

DOT and FAA for the special capabilities of NASA, and we look for-

ward to continued cooperation with NASA in our future relationships.
We are conscious more than ever of the need to preserve those re-
sources on which we have drawn over the years n our safety and
regulatory efforts. We feel it is incumbent upon both agencies, how-
ever, to insure efficiency in the management of aeronautical r . & D.
in the Government, and I believe in the continuing dialog between
the two a cies, ho such as this one and joint efforts such as
the policy stusy will prove to be important stepS in achieving that

goal. "
In addition, I believe that the exhange of personnel boeth in the

headquarters offices Wnd the research centers of the two agencies would
proote the productivity of the aeronautical research of both agen-
cies We have initiated discussions along these lines for example,
regarding possible DOT utilization of the Langley noise facility, if
NASA determines that it will be included in the progra vn g

We, as a nation, and DOT in particular, have a number of pressing
problems facing us in aviation and I want to discuss them in the
context of the overall Federal R. & D. effort. DOT is charged with the
responsibility for operating the airway system, administering the
Federal-id "airport program, and issuing regulations for the abate-

ment of aircraft noise.
We are progressing toward solutions in these areas, but we need

the help of Congress and of NASA to meet the demands of the prob-
lems. We must apply our resources Judiciously toward immediate
solutions and toward efforts which will maintain a constant flow of
new technology into the aeronautical arena to meet future problems.

NASA is particularly well equipped to engage in advanced research
in all aeronautical areas and has demonstrated its acumen in several
areas of technological application. We rely on them to carry, out the
invaluable functions of exploring the "possible" in the various dis-
ciplines such as aerodynamics, electronic, propulsion technoloerv, and
human factors, so that there can follow a development by NASA,
DOD, FAA or industry of the "applicable."

Much of this exploratory research should be conducted relatively
free of constraints. However we see the role of DOT in this area as
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that of establishing objectives and providing guidance which will
insure that the research efort is applied in areas whene it is needed
most. Obviously,' a close relationsltp must be maintained between
DOT and NASA in this endeavor.

The partition of efforts betwen DOT and NASA is not clear at
this time, and I do not believe we should attempt to draw hard and
fast lines across which the two agencies should :not venture, In noise
researzh, for example, we have an almost corn lete i aý g of
efforts from basic research through techn.oogy demonstrations lead-
ing-to FAAL regulations on noise certification.
In the development'of new aircraft technology for increased speed,-

efficiency, and the like, NASA is the primry source of experse not
only for DOT but for DOD as well. The support given by NASA to
our SST'project is but one example of many areas where NASA has
made an invaluable contribution.

There are numerous other areas where we are y on continued
or expanded ,effOrt. by NASA. Some examples areW STOL aircraft
hgh-lift devices, new methods of obtaining controllability, better dis-
plays in the cockpit, and direct-life control. Research in such areas as
these would contribute a Ageater measure of safety, dependability,
and economy to civil aviation.

Continued and expanded noise rem --.rch is also needed to support
the exercise by FAA of its regulatory authority in this area. _401
general aviation aircraft can bentk from more resilient corrosion
resistant materials, and new fabrication processes and new lightweight
materials can help reduce the high costs in the operation and main-
tenance of aircraft.

In the area of air traffic control we look to our own resources for
system development and implementation with NASA playing a lesser
role insofar as near-term hardware is concerned, but a key role inso-
far as longer term efforts on advanced systems components are con-
cerned..It seems fair to say that many of the current aeronautical problems

we have-stem from the phenomenal growth of aviation. This growth
has been very substantial for, several years, and it promises to con-
tinue in like fashion for matty years to come. .

Heavy congestion in the air: and on the airport is prevalent in the
vicinity of our largest population centers, and it has been necessary
to limit by regulation the number of operations at five of our busiest
airports.

Greater numbers of aircraft are enitering the system. These greater
numbers and -the widely differing performance capabilities of the
aircraft involved continue to intensify problems in the areas of safety,
noise, and congestion.

I-Aprovements will be needed in the air trafflo control and airportsystem to provide the greater capability essential to accommodating
this growth in aviation. We'do n~t-believe, however, that we will find
any neW Mijor R. & D. breamk ughs or inventions in time to cope
with the present air traffic contU61 prdblei.

We are convinced, therefote, that the :essentisl need is to ret on
with timely and intelhgent appliciation of existing knowledge in the
development and operaton of the air traic control system.

We, have under review now the •fdings ý of the Air Traffic Control
Advisory Committee chaired by Mt. Bie 'Alefander, which under-



tookil to d hie kie requirements for an air traffic control system ade-
quate for'the 10M.'s %-d beyond. The Committee concluded that it will
lie.-. iy, to upgrade the semiautomatic national airspace system
(NAS) now being designed to supplant the present manual ATC
system if ýe are•t aocommodate the aviation growth of the 1970's. It

omdee udf •that with a further upgrading, NAS could meet the
tra oneds ofthe 1940's.
' Tho, Committee studies indicated that it will be possible to more
thoa dauble the capacity of present airports through the use of more
precise techniques of instrument landing, surveillance, and air traf-
fic, trol. .Usel0of scnning beam microwave ILS's will increase the
precisan of positionAg.ormation and permit more efficient use of
existing ru . w"y&

They slvo concluded that, by adding computing modules, NAS can
be expanded to include spacing, sequency, and conflict prediction and
resoutiotn. The: Committee further concluded that it will be possible
for aircraft tpnn. igate routes near busy terminals more precisely if
thel .utilize VORMDME area navigators and modern flight directors
and are monitored by upgraded radar beacon systems.

The Committee stated that an upgraded NAS eventually would
begin to exhibit significant deficiencies, and identified space and com-
puter technologies as offering the greatest potential in the way of in-
creased accuracy and capacity. They now, however, that both full
automationo and satellite systems would have to be examined carefully
for "i.bility because of the necessity that they perform virtually
without fWilnre. The Committee recommended a research program to
run parallel with the upgrading of the NAS and to clarify the issues
involved in designing and scheduling the next generation system.

Oux principal concern with respect to airports has been to obtain
legislation oxqandýing the existing Federal-aid program for airport
development. Thew. is a widespread need to expand the capability of
existing airports, and, in some areas, we need new airports.

- As yo• know, the president recommended to Congress earlier this
yZear le i•alaiou- which would commit the Government to a $2.5 bil-
lion 10year airport prggram. We are pleased that the House has passed
a bill similar in mhany respects to the one proposed by the administra-
tion, and. we anp hopeful that the legislation will receive early atten-
tion by the $enýt.

• Turni to thearea 4f aircraft noise abatement, the Department,
along with NASA, has made progress in several areas of research, and
we are hotpeful thlia NASA cain place more effort in a number of areas
of techhology to ,incroase the, effectiveness of our noise regulatory
pro~gram ... .. :.. •

These include jet, propeller, and rotor noise suppression, opera-
tioqt tecipiques., forý, noise abatement-.particularly in regard to
V/ST7OL,&ir.ft--•d ' monicm boomn generation. As you know, we are
expand*ug 9uris•ew . noise abatemnent, but we are doing so under
the prcsuiption tLht NASA will le ablo to continue its participation
at least. at its present rate. The, rgrk•.g relationship between 'DOT
and. NASA ha•.been particula�ly cloe in the noise field.

Takeniqu ,tghel iwl••a,•avia•ton progress in the United States con-
tinues to stay out 6 n.rqn .. • ,po.grewoin the rest of the world. Of
course he paTe.srWeit veas• wh ,e otqher countries have gone ahead
of us.,'•Ohls true p tli Caseo• t development of a civil supersonic
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transport, and it is true with respect to certain STOL and V/STOL
aircraft development

In some cases, foreign countries enjoy the advantage of beiz•f able
to move ahead in a given area of research and development without
feeling, compelled, as we do in this country, to evaluate and justify
in a cost effectiveies sense each advance we want to attaent in our
aviation technology. The approach we follow frequently is difficult to
pursue because we are evaluating the unknown and cannot always pre-
dict where our efforts will lead, or what .benefits we may derive from
them.

Some foreign countries, on the other hand, sometimes gain experi-
ence very quiewy from their prototy programs, and it is conceivable
that a;larger effort on their part could enable them, as a group, to-over-
come our lead,

In conclusion, I believe we are making definite progress in getting
the most out of our combined R. & D. efforts in DOT and NASA. Both
the executive and legislative branches must, however, continue to, work
to insure that such efforts continue in a cooperative, coordinated way.

As far as the air traffic control system is concerned, it appears from
the conclusions drawn by the Aviation Advisory Committee that the
NAS program underway in FAA will provide a basis for the develop-
ment of an ATC system adequate to serve the burgeoning growth of
aviation for more than two decades. As far as DOT R. & D. functions
are concerned, I believe we need to expand our overall effort. beyond
the scope of the current basic FAA program to insure that proper
emphasis is placed on R. &. D. essential to solving aviatioal probhins
outside the ATC system and insuring that the aviation system develops
in harmony with surface transportation systems.
, Mr. Chairman, that concludes my prepared statement and I will be

happy to answer any questions.
Mr. HIOcmyR. Thank you very much, Secretary Beggs, for this

presentation.
You notice this morning we are running an unbalanced line to the

left here.
Mr. W wDLER. I a.n ready for the vote.
Mr. PEuLY, Of course, you've got to realize, Mr. Chairman, that we

ha:ve a research man on our committee now in Mr. Goldwater. lHe did
a liitla personal research in running out, of fuel and cracking UP and
I think he could probably testify here on this very subject.

Mr. W-. I•m. Dangers of flying?
Mr. HECHLER. I note, in the latter part of your testimony,. you state

with great confidence, and I hope it is not overoptimistic, that av-ia-
tion progress in the United States continues to stay out in front of
progress in the rest of the world.

It is with some apprehension that this committee stqxts 0th hear-
ings, bec~ie we' are very much conerned that the future may :pot. be
a bri-ght as you se~s theresent. s "

ec.• .ry Ijgous. M•. Ohagirnan, T_ did not mejn tlat sti.~erynt rtoindicate t~hat I •0o hot :havre a concern here: I halve •i grat' C onc•¶.rTht
s¢tatemen~t stands as I put it, th'at I. think we ae still in th~e. ded....

H~owei~r, 'a nuihlbr of cohuitries are.r closinigthatt lead v ery raipidl y,

rnd I am oery nmuch concerned at wha I •e in tlhe air transportairea.
In transport aircraft we see a number of foreign countries movin~iinto
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the mn*n• ltdly and with re vigor. Indeed, the Soviet Union
i startin to make moves throgouut ýt world to sell their tramsprt
airhraft to a, nuber of oneotutr. and this is of great concern, afd I
think Witea worisome thg.

i it a•'tary worrisme when it is projected apinst the back-
ground of the-deveopment of oii* aviation trasports in this country,
where r-think in some ares we have rested on oar oars and have not
doae the essar and dwklpant that perhaim we should have done
in order to maintain our lead.

Mr. Hwmu. I am glad you clarified that, because your statement
seems to me to contain a note of complacency that disturbs me. And
I recall int yenr When Dr.. Paina the NASA Administrator,
before thb committee, the first question I asked -him was ' st
emphasis is the Soviet Union plachig on aeronautics " and he sounded
the alarm signal quite clearly at the time.

Would youcare to elaborate anything on that point?
Secretary Dwaes. Well, we do see the Soviet Union making strong

efforts to sell their supersonic transport, the Tupelov transport, in a
number of countries, and -from the point of view of being able to bar-
ter with other countries, they have some very large advantages in
selling this airplane.

For example, they have one of the great undeveloped air routes,
the route across Siberia, which could be bargained in the sale of air-
craft. We also see them trying to make arrangements in Western
Europe, most particularly in Italy, to sell some of their subsonic jets

It also appears that in the area of the development of new trans-
ports and unproved transports they have a very vigorous research
and development program going. They have several design institutes
devoted to the research and development of transport aircraft, and
there is no question but that they are making very rapid progress.

Mr. Hmuzm. I have several other questions to pose, but 1 would
like to yield to other members of the committee at this point.Mr. Pýety.

Mr. PsurL. Mr. Chairman, I am moved to remark that I am only
sorry the Secretary's statement which he just made wasn't made be-
fore the recent vote on the American supersonic plane. We needed afew statements like that to impress some of my reactionary friends

who didn't feel the priority of the American SST.
I would like to hope that possibly that same statment will reach

some of the Members of the Senate as they consider that $95 millionappropriation soWas to continue our research ih this field. And I can

think of particularly One or two over in the other body that right
now should be thinking in terms of the Russian competition, which

is of course not responsive to the economic factors that we are.
Mr. _Secretary, on page 7 you referred to the recently passed Fed-

eral aid program for airport development. Flow many airfields in the
country today are set up to take c~re of the 747?SSecretarys. Wll, the short answer to that questioI
Mr. P M.ly, is none but I w ould say that some of them are better able
to han .dle the 747 than othes Cer tainly only a relatively small mior-
ity of civil airports ae in a position to really do justice with respect to

the 747.

jerta m .W h hr nwrt htqetoItik
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Mr. PIT. Will that particular airport act aid these communities
in providing for the latest developmentsI

Scretary Bzoos. It will allow us to provide aid to airports on a
much greater scale than we do today.

But I am afraid that bringing airport facilities up to the level of
air transport technology is going to be a slow process, and for a
while the 747's are going to have a very bad impact on those airport
facilities. There are going to be jams like we have probably not seen
before.

Mr. PELLY. Well, if you bring in anywhere from three to five hun-
dred people into an airport, doesn't that lessen the number of landings?

Secretary B=oos. Yes, sir; we anticipate that it will very mate-
rially help the problem of air congesti'on around airports in that it
will decrease the number of planes coming in.

Mr. PELLY. And isn't it true that the 747 has benefited by the noise
abatement research prog and will not have actually as much noise
as the experimental 747 n

Secretary Bims. Indeed it will. It will be a very quiet airplane
indeed.

Mr. PrLLY. I have done a little research on that, because the experi-
mental 747 has been flying over my home in Seattle and I don't find
it objectionable at all.

Mr. W•Y•R. How high is it?
Mr. P•azy. I am sure my friend, Mr. Wydler, is going to appreciate

that fact before too long. He is the one that was caning for more
research in noise abatement, when actually witnesses before this
committee were resisting it.

Moving on, however, I want to refer, on page 8, when you mentioned
the foreign competition. You were talking about, and its SST. Isn't
it a fact that what we are talking about really is a plane, a transport
plane for the 1980'sI

Secretary Bwos. Yes, sir.
Mr. PzLLY. And in this connection we have to do our research work

now in order to ascertain the needs in the way of airports and noise
factors and other beneficial effects that can come out of research
before, we will say, 1980?

Secretary BEmGs. That is correct. Our supersonic is, of course, a
larger and faster machine than the designs by either the British-
French consortium or the Soviets, and it will be a much im~proved air-
craft, we believe, in terms of noise. It will be a much less noisy machine
than either of the competitors.

Mr. PELLY. In other words, it will only fly at supersonic speeds over
water?

Secretary Bmss. Well, as far as the sonic boom is concerned, the
President stated that it will fly supersonically only over uninhabited
areas, water and arctic areas.

Mr. PELLY. But the actual noise coming into a field will be actually
less than the other I

Secretary B%:ds. The noise pattern of this aircraft insofar as com-
munity noise is concerned, may be less than that of the current
generation of subsonic aircraft. The one area in which it will be ap-
preciably noisier is sideline noise, and here, according to studies of thie

38-681-70---3



30

airfields that will be used primarily by this aircraft, we do not think
this will be an objectionable feature.

That is to say, it will generate more noise on the sideline, but less
noise over the community.

Mr. PnuLy. Well, actually what we are talking about, though, is the
first generation.

Secretary BuGos. Yes, sir.
Mr. PEt:Ly. You expect improvement on the next generation of

SST's, that tremendouis improvement will be made?
Secretary Bixios. (Nods).
Mr. Pmuy. When we actually get into the production of these planes

on a regular, standard basis, do you expect a much more satisfactory
plane as far as the noise and other factors are concerned?

Secretary BEcA;s. Yes, sir. We are talking about an airplane that
will go into production in about the 1975-1976 time period. By that
time I expect that much of the noise research that is being done both
by the FAA and NASA will have given us some material benefit in
týrms of noise suppression technology, and possibly in basic low-noise
engine designs.

"So by 1975-1976 I would expect that there will be technology avail-
able that will very, vely materially reduce the noise output ot super-
sonic aircraft, along with all the subsonics.

"Mr. PELLY. You don't mind if I take excerpts of your statement to-
day and send to my colleagues here, so that we have a better chance
of retaining our superior position as far as the manufacture of air
transport planes, do von

Secretary Brcms. %ot at all, sir. Iwould welcome that.
Mr. PELy. Thank you. It is a very fine statement.
Mr. HzcmxR. Mr. Wydler.
Mr. WymDui. Thanks, Mr. Chairman.
First, Mr. Beggs, I want to say I think the Government is lucky to

have a man such as yourself in the position you hold, because of your
background, and what you know about this whole problem from all the
points of view that are necessary to bring our interests together here.

So I am delighted with your appointment.
Secretary BEGs. Thank you for that.
Mr. WYDLER. I want to play the devil's advocate with you for a few

minutes on the question of the SST, because I want to give you-
Mr. PELLY. You did that last year.
Mr. WyrDm. I want to ask you the questions that the people are ask-

ing me as their representative, and as a person that pays the bills for
them, whether they like it or not.

They are asking me some questions which I find difficult to deal
with. Maybe you can give me some answers I can't think of. One of the
questions they ask me is what exactly does the United States of Amer-
ica get out of the SST?

Secretary Broos. Well, I think we get a number-
Mr. WYDLzu. We can understand the interests of the plane manu-

facturers and the airlines, of course, but I think what the people are
really interested in is understanding what do they and our Government
get out of this project I

Secretary BEoGs. I think it is a very good question, and I think there
is a very good answer to it. We benefit, that is the United States bene-
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fits, in a number of ways. First and I think most important, although
this perhaps can't be quantified too well, this is the singlemost ad-
vanced aeronautical teolmology program underway in this country.

I don't think we realize how muc-h this Nation draws on the tech-
nology developed in our advanced prop. as. And the continuation of
annadv progam such as this Ithnk is vital for the future.

1 had the priv.lege of visiting Japan several months back and one of
the comments that the Japanese offiials made to me, in casual con-veraation, but I think it is a meaningful comment, was that we in the
UMted States don't really realize-how important our position inadv~anced technology is to the sale of products around the world.

The point they, were making was that in a real sense we are able to
obtain higher prices for a number of our products unrelated to the
advanced technology, simply because of the fact that people through-
.out the world look on those products as being better because of "the
limage we have in advanced technology.

I think it is a very material beniefit that we get out of these pro-
grams. I agree we can't quantify that.Mr. WTDLFR. That would be a very good argIment, for example, to
say we shofld continne with the space program, but I don't see how
you would relate that particularly to aircraft. It would seem to me
the leading• proof of the general use of technology would be our space
program in that sense. that you are using it. now.

You can hardly use that as a justification for aircraft.
Secretary B3E005. I think the two are not unrelated, but I do think

they are different. The SST is the only really advanced technology
progr-am we have underway and while the space program--and I am
for that, too, don't misunderstand me. It is a differ-ent kind of a t hing•,
if you will. Aeronautics. I think is a very tangible thing to people
because it is around them all the time. The space spectaculars comealont 6nly once in evehry several months.
SBut in my view you have got to have both, and both contribute tothis image I was referring to just a few minutes ago. But let me

go on.Secondly, I think that maintaininw the preeminence of this country
in civil air transport is a very vital factor, in both the financial po-
sitioji that the United States has abroad, and also in the prestige
that we maintain abroad in our foreign policy. To be able to say that
80 or 90 percent of the transport aircraft fly;ing in world commerceare built by the United States I think is saying a great deal. To give
up that position without going to the next generation of aircraft I
think Would'be disastrous for our total, overall policy vis-a-vis the
rest of the wor~ld.

In a more tangrible area, this Nation has realized a balance of pay-
menits, a favoralble balance of payments, from the sale of air trans-
ports in the world market that approaches three-quarters of a bil-
lion to a billion dollars a year. and this has been one of the bright spots
in the sales of American products abroad.

Mr. WmL~m. Has that ever been offset against the number of
Americans that use these aircraft to fly to the foreign countries anddrun the dollars away sSecretary BEoGs. Well, there is an argument about foreign travel,
which I would like o touch on in just a minute.
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The Secretary of Commerce recently alluded to this favorable
balance given tq us by our sales of transports and said the air trans-
port industry is tiw on. bright spot in our balance-of-payments pic-
ture. And indgsd this is an area where I think this country can
compete on favorabl terms. It is a high technology product, and this
tend to be an ares where Americns compete very effectivel.

With respect to this question about the offsetting travel balance,
it is my-we discussed this at great length in the Department in reach-
ing this decision. It is my view that Americans are going to travel,
and they are going to travel as a general rule in the most convenient
and fast mode.t They have, done this for generations. It seems incon-
ceivable to me that if the foreign airlines are flying either Concordes
or Tupelov transports, Americans will not travel on them, because
they will be faster and they will be more convenient. And the idea
of sort of closing our doors to that kind of travel, I think is not a real
prospect.

So if Americans don't travel on an American supersonic, they
will travel on a European or a Soviet supersonic.

Further, I am not real sure that this travel balance argument really
holds a great deal of water. Its basis is that with the introduction of
the subsonic jets, there was a tremendous increase in foreign travel.
The reason for that, of course, is the subsonic jets made it much more
convenient to get to Europe.

There was a resulting very large increase in the number of Ameri-
cans spending money in Europe. But in recent years we have seen an
upsurge in the amount of European travel in the United States, and
as the Western world, as the Europeans become more affluent and
as the Japanese become more affluent, I think you are going to see
a great deal more travel on their part in an offsetting way against
the travel that we are doing.

Mr. WYDLER. Just let me ask you this question: I think what the
people might object to the most in this, and when I say "the people"
Imean the average citizen, 's the way this whole thing is being
financed or is proposed to be financed.

Mr. ITECHLF.L Will the gentleman yield quite briefly?
Mr. WYP"in. Yes.
Mr. H-•cHiztn. I am quite sensitive on the question of the jurisdic-

tion of this committee with relation to interstate and foreign com-
mere. We obviously can't make decisions in this subcommittee or in
the full committee on the substantive question of whether to go
ahead withtie supersonic.transport.

I would hope we would confine these hearings perhaps a little bit
more to what can be done in the future of aeronauticAl research.

I always hesitate to interrupt a committeq member on that basis, but
I am advised on higher authority that the jurisdiction of this commit-
tee and thecharter of these hearings may not extend to the areas that
we appear to be tetting into now.

Mr. WDLFm. All right. Well, I will. deler to the Chairman's wishes
on the mntter, because I agree that we can't solve this here. It *as just
the opportunity to ,taj to Mr. Beggs about these problems that seemed
to me very important, and as Mr. Pelly felt it was so helpful to him
on one siqof the issuel th44 1 thought we migbt develop the other side
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Mr; PEtty. I, thought you were quite helpful, too, in the !qestions
youk daked.

SMr, WiD , i .,Talking about the technical end of the problem, what
I am particularly interested in, from your statement, is of course the
problem of the jet noise and whatit means to the future of aviation.
And it is a teohrikal problem certainly. As we are finding out, it can be
technically solvred when the effort is made.

Now for years I have been hearing that, for example, we couldn't use
one of the most feasible methods it seemed to me of reducing jet noise
on lamdin^ and that was through increasing the degree of approach
pattern to the landing stri.(Secretary Beggs nods.)

Mr. Wir•r=mt Which as I understood by going to a 6V angle, we
would immediately cut jet noise in half, which would be an almost
incredible improvement in the problem on landings.

(Secretary Beggs nods.)
Mr. WYMaN. But I was told for one reason or another this couldn't

be done because we didn't have this piece of equipmient or that piece of
equipment. But I have recently been told by a company that happens
to come t oi Long Island-that is really irrelevant where they come
from, but they were talking to me about something else. We have the
equipr -unt that will do it right now, and they say will do it safer than
present aircraft, and would do it under any weather conditions, which
would help you on. your traffic control problem.

I think it is the same thing you are talking about on page 6 of your
statement, where you talk about the scanning beam, microwave ILS's.
Is this what they are talking about?

Secretary Bides. I don't think so. It may be, but I don't think so.
The problem that we ran into dn the steep descent procedure was

largely in the cockpit.
Mr. Wymm. Yes, I realize there is a human problem involved.
Secretary Bxmos., The pilots were a little unsure that they wanted

to fly this'kind of glide slope without having more electronic aids to
give them the assurance that they wouldn't fly that steep glide slope
right into the ground, which of course would be catastrophic.

Actually, we haven't abandoned this at all. We are running further
tests and we hope.one of these days to be able to certify it for use.

Mr. WTmVz. I know that. You see, I have-been in Contress now for
about-this is my 7th year, and I have been told that for the last 5--
at least 4, maybe;-6 years, that we -are hoping someday we will get
around to that. L

Secretaty Bmog. Mr. Wvdler, one of the things that bothers me in
the job I have had- is that- thingg do take so much time. As a matter of
fact, I think I made a statement here last year about a study that we
were going to have out last spring, and it turns out that. is going to
be a yvar late.

It does turn out that it takes an awful long time. We are trying to
improve the schedules on some of these things. But one of the prob-
lems is that you do have a number of individuals involved in a de-
velopment project such as a steep descent approach who have to be
sstisied, and quite properly so, I think, -under our ystem. The air-
port operators have to oe convinced, the pilots and their unions have
to be coiviveed, ahd the airlines, of rourse, who 'have to buy the ad-
ditional equipment, have to be convinced that it is a good investment.
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While I think that this particular one could perhaps have moved a
little faster than it has, it did require convincing a lot of people. I think
people .arebecoming convinced that it is a good idea now. I think theyare begnnng•

Mr.Wyiwt There are a number of features in that. The one that
surprised me is that I was told most recently by people from your De-
partment that it was safer. And I had always been led to believe that
was the big problem with it, that it was entering new elements of risk
into the passengers' lives.

You know we are always told that. Whenever we have something un-
economical for the airlines, they throw up the specter "This is risky
for the passengers, and we have to protect them." We stack the pas-
sengers up for hours on end and fly them in holding patterns, but the
airlines don't seem to worry, or the risk to the passengers when that
happens is not raised.

So I am not concerned about that any more. But I was told by the
p•eogpI in your Department that it was probably the safer system of
andIng, and it would reduce the noise. So I am beginning to get less

patient about the particular matter.
I have written you letters I have sent you the material from the

company involved, who made the claims.
Secretary Bumcs. Yes, sir.
Mr. Wmrrz. If they are not true, I would like to see them refuted.

I don't care who builds the equipment. But I wish somebody would
get on with putting this particular procedure into effect, which really
would have a dramatic improvement for a lot of people living near
airports in the country.

You say that we are going to have less flights with the 747. How
many flights are they going to reduce with the introduction of the
first 747 ? Does anyone have the schedules ?

Secretary Br~ws. That I do not know, because the schedules have
not been promulgated yet, although the aircraft does carry upward
of 400 passengers, depending on the configuration. Clearily if you
can replace four aircraft or thereabout, which are carrying 100 pas-
sengers each with one of these, you are going to have fewer flights.
In the long run-

Mr. W-xn.m Who is going to see to that ? That is what I am trying
to find out. Who is goingr to see you have less flights? Wouldn't the
four airlines still want to fly their four aircraft?

Secretary Bweoa Not if they can't generate the traffic.
Now, in the long run, I believe that the number of flights will build

up again because the growth of civil air transport is continuing at
about the same rate that we have observed over the past decade. That
has been at about a 10 to 15 percent compounded rate. So it will
double again and triple again probably in the next decade.

So in that time I expect there will be the same number of air trans-
port flights; that is, at the end of the decade of the seventies as there
are toda.

Mr. WYDL=A. Did you find that the scheduling limitations that you
put in so far have worked well?

Secretary Bzws. Ys, they have worked quite well insofgf as the
traveling public is concerned. The area where there is still wgood deal
of complaint is from the business aircraft sector and I think they have

"L ••nnn u
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a leitimate complaint because the number of reservations available
to them is very limited and they have had trouble getting into these
five airports.

And I think we must do something about that But I should point
out to you that this problem was acute last year. You are aware of the
fact, by your statemanms, that we had holding patterns in heavy use
for hours and we simply had to do something.

Now it is going to take several years to increase the capacity of the
system to the point where we can remove those restrictions, but I think
we can start to open them up in a year or two. We will be able to open
them up in a year or two, so as to provide some relief to the other
sectors of the aviation community.

The problem here is clearly technical, and we are behind.
Mr. WyDLER. One more question, Mr. Chairman, if you don't mind.

I know I have asked many questions here. But it seems to me another
key question that we are arriving at, and are deciding in the area of
transportation, is this one, and this is just how far from the center of
the city can an airport be I

I am talking about a major airport. And this is a question you are
going to have to answer, it appears, in practically all the major urban
areas of our country in the near future. I am curious whether you have
done any thinking about that and if you have, what answers you have
arrived at.

How far can you go from the urban center with the airport before it
becomes either economically or for some other reason impractical or not
feasible? Has there been any thinking done in this area?

Secretary BEGOS. Yes, sir, there has been a lot of thinking and sev-
eral studies on that subject, a number of them very inconclusive, but
there are some.-well, we are beginning to get some vectors on what
you can do.

The problem of airport access of course is one that is still unsolved
and one that we are wrestling with all the time in the Department. We
feel that somehow you have to come up--at the time you design these
large regional airports, you have to come up with a good ystem of
airport access.

At would appear from the studies that have been done that an airport
can be as far out as in the order of a half to three-quarters of an hour
traveltime for the person who wants to use it, and with some schemes
that I have-

Mr. WYDLmE You mean by helicopter or howI
Secretary Bpnos. That is what I am saying, by some scheme of

ground transportation. For example, we have looked at tracked air
cushion vehicles that have a potential for attaining speeds upward of
150 to 200 miles per hour, and we have looked at other kinds of tracked
vehicles or vehicles that might run on rubber but wouldn't use the tires
for traction that could run upward of 100 to 120 miles per hour.

With these kinds of speeds and a system of this sort that is economi-
cal, and by "economical we are looking at costs for installation of the
system of less than $1 million a mile, perhaps in the order of half a
million to a million dollars a mile--on this basis you could probably go
out 50 miles or more and still be in an area where access would be
adequate.
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Now you would have to design a system around that. You couldn't
just look at it asan airportaccess problem. You would have to provide
some kind of parking facility for the users in an area where they could
get on the publio transportation and then get to the airport relatively
quiekW.!

Mr. WztmL. If I asked you a very hard queAtion: In my area, New
York, some people are talkin about putting sm airport out in my
general area n Long Island, aUout 80 miles rom New York City. I
think, it is- probably as close to New Haven when they finish with it
as it is to New York. In which event, I just wonder is that practical?
Because it is not a bad idea in some ways. If say they want to build it
on the water, which seems to be the coming modern approach to air-
ports-everybody has the problem to ;start thinking about sticking
them in the middle of a lake or the sound, in our case.

I am just wondering about it from the point of view of distance.
I think otherwise it probably could become economically not feasible.
I think the cost of building it-I think you could get that back. But
I am just wondering about it from the point of view of feasibility
as far as distance from the main target area.

Is that considered within the realm of reason or not? Is it some-
thing worth discussing or isn't it I

Secretary BiwoS. I think it is, particularly in the New York area,
where we have so much difficulty in finding a fourth site for a jet port.
Eighty miles I think gets into the edge of what we can do for the com-
muter, but I don't think it is too far out considering that in many cases
it takes an hour or so to get in from Kennedy.

So from that point of view, I guess-with a suitable access system,
I guess you could get them into downtown Manhattan in an hour.

Mr. WVTm. I suppose the answer to this is the future will see
these urban areas becoming larger and larger, and these airports in
effect will be serving regions rather than the urban center and the
urban center itself will not become that important. I can see that, too.

Secretary Bues. We see two things. We see the regional airport
concept, which I think has merit in a number of areas in the country.
We would also like to do a little demonstration work and try to
develop the concept of the V/STOL aircraft to take some of the pres-
sure off the larger jet ports. And I think it has potential for the urban
areas, from tlN standpoint of trying to take the pressure off and
increase the ability of the existing airport complex to serve the area.

Mr. WYDLE•. Thank you.
Thank you, Mr. Chairman.
Mr. H-c•mzi. Mr. Goldwater.
Mr. GOLzWAAE. Thank you, Mr. Chairman.
Mr. Beggs, I am a private pilot. One afternoon I took off from

Burbank and headed for Long Beach about 50 miles, and it was a
usual Los Angeles day, sort of smoggy. The visibility was marginal.
It is the custom for me to contact ithe approach control, air traffic
control for surveillance. I was unable to do this during my journey
from Burbank to Long Beach.

I had three near miss collisions. Now, the point that I make before
I ask the-question is that there are approximately 118,000 aircraft
flying around this country today, of which only alpproximatelv 2,200
are commercial aircraft, the rest being general aviation. On top of
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this there are approximately 600,000 private pilots, or piLcs that
are flying these aircraft.

In all this research and all this studying on air traffic control and
new regulations what is being done about the general aviation pilot,
the guy who is a weekend pilot, the fellow who flies around in a
small airplane? How can the private pilot cope with the new tech-
nology, the new advances that are being applied, the new regulations
promulgated. What about the cost factors for the private pilot to keep
up to date on these new regulations and the new technologies he will
more than likely have to have in his airplane to approach .ir traffic
control for surveillance?

Secretary Braes. Well, you pinpointed the problem and perhaps the
solution. In my view the solution is positive control in the high traffic
areas. And hire it is a question I think of equipping the general
aviation craft with the proper equipment to plug into the system.

Now we do think that you will be--in fact, we can now provide
beacon systems for under $1,000 installed in the private aircraft, and
this will go a long way toward enabling the small planes to plug
ipto our nat;onal air space system.

Mr. GOLDWATEM. You mean like a transponder?
Seer- ary BEGs. Yes, transponder. Once we get ourselves equipped

throughout the country to apply this system broadly, I think we will
have a system in place that has the capability, until we reach the
capacity of that system, of maintaining positive control in the high
density areas. Beyond that, I think we have got a lot of work to do.

Mr. GOLDWATER. Does a lot of this have to do with the equipment
and the manpower that you need at the centers?

Secretary Bams. Both. The equipment is currently being produced
and we have not bought it in sufficient quantity to equip all the centers
throughout the country, that is, all the high density centers through-
out the country, but with the moneys that we have requested in the
Airport. Airways Expansion Act, I think the projection is we will
be able to equip everything in the country in a matter of about
8 years.

Now we think this system will be good through the 1980's, as I said in
my testimony. The projections now, with the improvements that we
can work into that system as we go along, will enable it to have a
life through the 1980's. In the scheme of things that is not a very
long life. It would be less than a 20-year life from the time we get the
whole system installed.

So I'think we have got a lot of homework to do in technology in
order to make the system more automated and do what you are asking,
that is to give the private pilots who comprise the fastest growing
sector in this aviation community, a chance to continue flying in the
high density areas, because I think there is a very real danger now
that somewhere alone the line it will simply get too dangerous in
some of these areas for them to fly.

Mr. GOLDw.AN'R. I have just one quick question, if T could.
Secretary BwaGs. Sure.
Mr. GOLDIVATPR. I have to compliment Jack Shaffer. the FAA. and

the whole, staff for the work they l'° e done in promoting that type of
project on congestion.
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You say if this money is appropriated, it will take 8 years. What can
be done right now to say ease the burden on the air traffic controller?

Secretary BoGs. Well, there are a couple of things that we have
initiated. One of the problems with the air traffic control situation is
that in the high density centers, again, the controller is under extreme
pressure. Relatively ittle has been done to study the man-machine

relationship, the human engineerin , that probably should have been
done a number of years ago in orer to ease his burden.

You have been in an air traffic control center. One of the things that
strikes you is that these men are sitting on one another's lap as they
work the system. With what we know from a great amount of re-
search and development, both in the Department of Defense and in
the National Aeronautics and Space Administration, we can do some-
thing immediately. And I have General Lundquist working on that
problem right now, to bring some experts in to take a quick look at
that problem, and I think within a very few months we can start
seeing some material benefits in that area.

Beyond that, the new equipment will ease the burden. The control-
lers who have used the new arts system are quite impressed by the way
it helps them do their jobs. There is a greater easing of the pressure
on them than heretofore.

But with all that, we are going to need more controllers.
Mr. GOLDWATER. Why wouldn't you recommend cutting down on

commercial flying?
Secretary BEoGS. It is my view that while the load factors this year

are hovering around the 50 percent mark-and this is a low point I
think in the cycle--I see those load factors going back up over the
next couple of years. It is my belief that the number of flights in the
high density areas in particular are not excessive at this point, for the
development of the air transport industry. If we continue to experience
load factors in the 50 percent range for the next year or two, then I
think we ought to give serious consideration to the schedules, and give
some thought to doing just what you say.

But I don't think the current situation warrants that.
Civil aviation has gone through these cycles several times in the past

and it has always been a very temporary thing. then the load factors
have increased very quickly.

Mr. WYDLER. Would the gentleman yield, just for my understanding?
I found two statements you made hard to understand. You said you

expected us to have less airplanes flying with the 747's, and then you
said we are going to need controllers. One of those statements doesn't
follow from the other.

Secretary Bwoos. The statement I made about 747's relates to the
air transports.

Mr. WyDrz Right.
Secretary Biews. These, of course-as Mr. Goldwater has pointed

out-constitute, relatively speaking, a small number of the aircraft
flying. There are in the order of 2,200 to 2,500 civil air transports in
the fleet today, whereas there are 115,000 to 120,000 general aviation
craft. At any particular hour of the flying day there may be upwards
of 12.000 aircraft in the air. Clearly a very small percentage of them
will be air transports. And our problem is related to that 12,000 air-
craft that. are flving, and not simply to the 1,000 or so air transports
that may be in the air at any one time.
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Mr. IECHLER. Would the gentleman yield at that point? Mr. Gold-
waterI

Mr. GOLDWATER. Yes, sir.
Mr. HEcHLE. My recollection is that the FAA predicted when the

large conventional jets were introduced that there would be fewer
flights, is that correct I

Secretary Brcs. I believe they did, yes, sir.
Mr. HECHLER. And that didn't exactly work out, did it?
Secretary B0Oas. No, that didn't work out because when the sub-

sonic jets were introduced, the use of the system increased drastically
because of the convenience of the subsonic jets in moving people
around, and the number traveling, that is the traveling puic -
creased more than enough to take up the slack. Incidentally, at the
time that they were introduced, the load factors were again relatively
low and they grew very nicely over the next few years and more than
took up the slack. And as I have said before, I anticipate the same
thing will happen with the 747 in time, and perhaps in a shorter time
than we are projecting, but it is our belief that the number of pas-
sengers will triple in the next decade or so.

There again, the number of 747's flying perhaps will equal the
number we have flying today. But I have got to go along with the
current projection of the FAA, in their belief that with the introduc-
tion of the 747 we will have fewer flights. And I should point out that
this projection is related to high density areas such as New York,
Chicago, Washington, San Francisco, Los Angeles, Dallas-Fort
Worth, and so forth, because it is in these areas that we have real
trouble.

I think when the 747 starts flying, it will ease that problem. Now
it may not ease the overall problem i the system. There may be, in-
deed, in a very short time the same number of air transports flying.

Mr. HECHLER. Mr. GoldwaterI
Mr. GOLDWATER. I am through.
Mr. HECHLER. I just wanted to follow up one observation that Mr.

Wydler made. It has always puzzled me that in measuring the distance
from center city to an airport you always assume that everybody is
going to start from the corner of one downtown street corner, which is
obviously not true. You have got to measure this, it seems to me, in
terms of your highway system, and in terms of distribution of popu-
lation and get some other formula for measuring how far people have
to go to airports.

But you say, "Oh, they have to go 50 miles to 42d Street and
Broadway !"

Secretary BEGos. There was a study, Mr. Chairman, done 2 or 3
years ago on this question with respect to the airports in the New York
area-where the people wanted to go and where they came from-and
it turned out. as you point out, that relatively few of them, I think in
the order of 30 percent or so, really wanted to go into downtown Man-
hattan. Most of them were going elsewhere.

And when you look at where they came from, a similar situation was
true, that is a relatively small percentage of them came from the center
city and most of them came from the suburbs, from Connecticut. New
Jersey, Long Island, or what have you. So there is a very complex
problem in trying to configure an airport access system that will truly
serve the traveling public, because as you say, the traveling public is
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not going to start from the same place and they are not going to come
to some corner in the center of the city in order to get on.

That was the intent of the comment I made. When you consider air-
port access, you have to consider it as a system and I think you have
to provide adequate parking at various places along the route and
you have to lay the route out in such a way that it is accessible to the
majority of the traveling public. Otherwise they won't use it, and
you will be back into the same kind of problem that we have today,
with crowded airport parking lots and poeple complaining that they
can't get to the airport when they need to

Mr. HmucL. f would like to ask several more questions before I
yield to Mr. Hl9stoski.

(Mr. Helstoski nods.)
Mr. I-IoluLm. Mr. Ben Alexander, the chairman of the Air Traffic

Control Advisory Committee, came before our committee last year, as
you know, and gave us some preliminary figures as to the direction in
which this advisory committee was going to go.

Now that this study has been completed and is under review, I won-
der if you would submit the study or its conclusions for inclusion in
the hearings?

Secretary Bmos. Yes, sir; we can. We did release it last Wednesday
and we would be pleased to submit it.S(Because of the volume of material submitted included are summary
and recommendations only of this report, as follows:)

I'. INThODU3CTION

The Department of Transportation Air Traffic Control Advisory Committee'
was formed in the summer of 1968 for the purpose of recommending an ATC
system for the 1980s and beyond. The Committee's technical staff-made up of
some 150 Individuals, full- and part-time from all segments of the aviation indus-
try-studied the most critical problem areas. The Committee members met
monthly to review accomplishments and guide the ongoing work. In addition to
drawing on the FAA, NASA, DOD, and the aviation community for technical
staff, the Committee maintained liaison with various aviation organizations.
Including the military, NASA, AIA, ALPA, AOCI, AOPA, ATA, ETA, NBAA,
NPA, and others. Without this broad participation at both the technical and
policy levels, the work described .. this report could not have been accomplished.

The Committee concentrated on control of aircraft through the airspace, from
takeoff to lauding. Emphasis was placed on the denser portions of the airspace
where the daRger of midair collisions and the need for efficient use of scarce
resources (prinicipally runways and terminal airspace) make sophisticated air
traffic control mandatory if safety Is to be assured without sacrifice of capacity
and without unacceptable delays or Interference with freedom of flight. Air-
ports were included in the study insofar as they strongly interact with air traffic
control. The Committee's primary concern was Iwith efficient use of runways,
while taxiways, ramps, gnd other facilities were considered only to the extent
necessary to understand airpoir efficiency and real estate requirements. No work
was done on airport acces. As it became clear that aircraft noise abatement
can frequently be obtained by proper terminal routes and procedures, consider-
able effort was placed on the subject of noise reduction which may be critical
to community acceptante of high capacity airports.

The conclusions reached en air traffic control for the V )80s and 1990. assume
that runway capacity in the dense,,trafile areas will be provided. This Is our
present severe bottleneck, and the improvements to the air traffic control system
discussed in this report will not be significant unless the airport (runway) prob-
lemns are also resolved.

'Committee members, affiliatlons, and titles are listed in Appendix A.
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The Committee elected to place minimal effort on over ocean air traffic control
and communlcations in view of the apparent adequacy of existing technology
and the straightforward nature of the problems.

The Committee postulated a fundamental requirement that the air traffic con-
trol system of the future should not sigmlfieantly constrain the growth of avia-
tion.' IThe specific requirements which derive from this are performance and cost
characteristics which permit anl of the users to maintain activity levels close to
what they would have been if the cost were much less or the performance much
greater. While this approach to establishing system requirements has its limi-
tatlons, it has proved workable and equitable at this stage of aviation growth.

Air traffic control Is now ending its second generation.! The present manual
system is soon to be supplanted by the semi-automatic Third Generation System,
which follows guidelines recommended by Project Beacon in 1961.

In order to understand the problems of transitioning to a new system in the
19809, the Committee studied the performance of the Third Generation with
the projected traffic loads. It became apparent that the Third Generation System,
as presently planned, must be substantially upgraded if it is even to accommodate
the aviation growth of the 1970s. Studies of feasible modifications show that it
is entirely reasonable to select an upgrading program which can greatly extend
Its useful life. Moreover, this upgraded Third Generation System, in comparison
with alternative approaches, appears capable of providing the capacity needed
with fewer compatibility problems, less technical risk, and at lower cost. By
Implementing these modifications progressively, it should be possible to accom-
modate the traffic as now projected into the 1990s. The Committee strongly urges
this path be followed, and most of this report is concerned with upgrading the
Third Generation System. Near the end of the century, a Fourth Generation Sys-
tem may be needed. The report identifies major innovations that such a system
might include and suggests fundamental studies needed in advance of any
development effort.

While the Committee is reccommending specific system characteristics and is
proposing a number of high priority system engineering and development pro-
grams, it has not attempted detailed designs, nor has it considered specific
deployment plans. Nevertheless, It Is clear that the approach recommended will
require an investment of several billion dollars during the 1970s in air traffic
control development and fac/ilties. Additional billions will be needed In the
1970s for airport improvement and new construction If the demand is to be
accommodated.

The Committee Is concerned that the system recommended by Project Beacon
In 1961 will not be completed before 1973. An early review Is urged to determine
the new organizational and contractual arrangements necessary to ensure the
timely completion of a program of the magnitude and urgent national priority
recommended in this report.

2. SUMMARY

THE CRISIS

Air traffic is in crisis. The crisis now manifest at a few high density hubs is
the direct result of the failure of airports and air traffic control (ATC) c1plcity
to keep up with the growth or the aviation industry. With proper leadership.
funds, a sense of common Puri _e in the aviation community, and steps taken
to promote coexistence between airports and their neighbors, this deficit can be
eliminated through Intelligent application of recent advances in aeronautics,
electronics, and computer science. Unless strong measures are taken, forces
presently In motion will blight the grow, '-of American aviation.

The demand for all categories of aviation will maintain Its high growth rate
unless further constrained by an inadequate air traffic system. The various
national indices of aviation activity are predicted to at least double by 1980
(with respect to 1968) and to double again by 1995. Five airports now operate
at saturation during peak hours. ThiS number wi rise to twenty by 1980 unless
present expansion plans are accelerated. The demand for air traffic control serv-

'This Goes not mean that the Committee favors Implementing ATC improvements to
met peak demands Independent of their eosts or the users' willingness to pay. nor does it
imply that the Committee redeets the use of diferential pricing or route and scheduling
restrictions to obtain maximum benefit from the ATC and airport systems nt various.
stages of their development. These questions of policy are considered to be outside of
the Committee's charter.

'See Appendix B for a description of the Second and Third Generation Systems.
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ice will rime even faster than activity in general Overall, the demand for ATC
service is estimated to almost treble by 1980 and to treble again by 1996.

In light of this projected demand, the. Committee sees three critical problems
which urgently require solutions if aviation growth Is to be accommodated:

The shortage of terminal capacity;
The need for new means of assuring separation;
The limited capacity and Increasing cost of ATC.

VPKADWG THE THXDD GErCZKATION SYSTEM

The semi-automatic Third Generation ATC System, originally recommended by
Project Beacon in 1961, is now being implemented. It will initially become opera-
tional in 1971 and will be in widespread use by 1973. Due to the slow pace of
Implementation and unforeseen aviation growth, It now requires major modifica-
tion if it Is to solve the crucial problems that the Committee foresees for the late
1970s and beyond.

T'erminal oapaeUV
The airport plant at a number of dense hubs is often saturated by the present

,demand at peak hours. There will continue to be popular resistance to construe.
tion of new airports in major urban areas due to their high costs. the diffuse
distribution of the benefits of aviation activity, resistance to increased noise, and
political fragmentation. As a consequence, it is not reasonable to expect addi-
tional urban airports sufficient in number to satisfy the forecast demand even if
increased use of V/STOL Is taken into account. Major improvements in current
airport capacity must be achieved. For public acceptance, this should be accom-
plished without increasing perceived aircraft noise.

Committee studies show that it is possible to more than double the capacity
of present airports. By the use of newer techniques of instrument landing, surveil-
lance, and air traffic control, additional runways can be brought safely into use
and all runways made to operate at higher capacity. The same principles can be
applied to new airport construction to provide greater capacity than airports as
presently designed.

The dual lane runway provides a 40% increase in capacity iising present
separation standards. Automation beyond that presently planned would in-
crease runway capacity by an additional 300. Decreasing aircraft longitudinal
separation to two miles could provide still another 40% increase in capacity.
Thus, dual lanes, automation, and decreased separation could provide more
than a twofold Increase in runway capacity. Furthermore, additional capacity
can be provided by utilizing airport acreage more efficiently by decreasing the
5000' separation between independent IFR runways. The Committee believes
it will be possible to safely reduce this separation between runways to 2500
feet and the final spacing on approach to two miles. This will require (1) an
improved landing aid, such as the scanning beam microwave ILS. and (2) provi-
sions for precise monitoring and data linked commands in case of blunders.
These requirements, along with increased terminal automation. are included
in the upgraded Third Generation System. While procedural techniques can
probably be devised to permit the recommended separations despite wake turbu-
lence, means may be required for predicting, sensing, or dissipating dangerous
wake turbulence. The Committee's wake turbulence dissipation studies have
shown promise.

Curved routes to airports, made possible by a scanning beam microwave
instrument landing system, can reduce public discomfort due to aircraft noise.
Moreover, the quiet nacelle program has shown encouraging resnlts. By in-
corporating low noise routing plus engine quieting, a preliminary study of
Kennedy airport indicated noise could be reduced even though traffic was
doubled.

Separation
The current use of radar and ATCRBS ' data to assure separation has largely

eliminated collisions between aircraft when both are under radar control. In
recent years, however, collisions between air carriers under control and un-
controlled aircraft have averaged more than two per year. Since the likelihood
of such collisions rises about as the square of the aircraft population, measures

4 Air Traffic Control Radar Beacon gysten.
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beyond the present use of "see-and-avoi" in portions of "Mixed Airspace"
will become mandatory by 1980. Committee studies predict an air carrier-general
aviation collision rate of 10 per year In 1980 in Mixed Airspace unless changes
are made. Furthermore, the collision rate between uncontrolled general aviation
aircaft (83 In 1 ) wialso grow raendly unless Improved means of assuring
separation are providedt

The Committee beiteves it is now feasible to largely overmonw toa midair
collision problem in portions of the airspace under surveillance without signifh-,cantly restricting freedom of flight. The strongly preferred approach to this

lies In automating and making more precise the air trafhc advisory service. Addi-tional protection may be available through cockpit visibility improvements, con-

airspacuty bundrent, and possibly PWI or CAu n devices.
By means of a data acquisitein system which reliably appccurately provides

the ATC nenter with Identity, position, and altitude information on all aircraft
within designated portions of the airspace, the ATC computer, through a data
link, can automatically advise aircraft of threats due to other aircraft, weather,airspace boundaries, and surface obstacles. In addition, Instead of merely advising

of threats, the computer can generate commands for appropriate evasivemaneuvers. This process Is called Intermittent Positive Control (IPO).
Under IPC, conflicts between aircraft under surveillance, controlled or un-

-controlled, would be predicted, safe maneuvers calculated, and appropriate com-
mands automatically transmitted to the aircraft and displayed to the pilot. The
-additional ATO computer equipment required to provide this service is relatively
modest. No controllers would be required. IPC need only be applied when a
collision is possible; otherwise, all aircraft would follow normal procedures.

IPC requires aircraft in the airspace served to be equipped with a simple
groun(I-o-air data link and display in addition to the beacon transponder. In
the upgraded Third Generation System, this IPC data link and display should
be a low cost integral part of the beacon transponder.

IPO appears applicable to traffic densities as high as that predicted for the
Los Angeles Basis in 1995. Even there, assuming completely random flight. IPC
is estimated to require only five commands per hour per VFR aircraft. At inter-
mediate densities, only aircraft wishin separation service need have data link
(although all must be transponder equipped). While substantial amounts of
ground computations would be required for IPC, the increasing power and de-
creasing costs of computers will make IPC quite practical in the late 1970s and
beyond. In some portions of the airspace, the information and instrumentation
needed for IPC could be used to mark the boundaries of uncontrolled air routes
("VFR Highways"). The additional order such routes provide is likely to permit
high density flights without the collision risk that would otherwise be expected
at such densities.

While the Committee recognizes that requiring all users of the denser por-
tions of Mixed Airspace to be transponder equipped will be burdensome to
some, it sees no feasible alternative if aviation growth is to be accommodated
at acceptable levels of safety. The service provided will more than justify the

Automation
A third problem relates to limitations in the control process due to 0) the

potential scarcity of controllers, and (2) saturation of manual control at major
hubs&

There are now about 1&.000 highly skilled controllers, excluding supervisors,
employed by the FAA. The 1968 controller labor cost was $0.25 billion. The
number of controdlers required Increases at least directly with the traffic. Despite
the limited automation of the Third Generation system presently being imple-
mented (NAB Stage A" and ARTS III). the FAA estimates that more than
33,000 controllers will be needed by 1980, and costs will rise at least in pro-
portion. It may be extremely difficult to maintain such a work force and, even if
possible, costs may rise sufficiently to jeopardize public acceptance.

The problem of saturation of the manual control process is especially serious
In the transitional airspace between en route and terminal regions. In New York,

a "Mixed Airspace" has come to be used by the Committee to denote sirspace shabed
by controlled and uncontrolled aircraft.

' Pilot Warning Instrument and Collision Avoidance System.?National Airspace System and Automatic Radar Control Terminal System are deserip-
tire of the automation being Implemented In the present Third Generation System. See
Appendix B.
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certain of these sectors are already operating at saturation. While it is possible
to alleviate this problem somewhat by rerouting and resectorization, New York,
and possibly other hubs, will be in serious difflculty before 1980 without more
automation.

The Committee studied the effects of Increased automation in the New York
terminal area; it believes the results can be extrapolated to other regions. One
conclusion was that, by expanding the semi-automation of NAB Stage A and
ARTS III to include saeing, sequencing, and conflict prediction and resolution,
and by adding data link, two to three times the present traffic could probably be
handled by the same controller work force. The introduction of automatic IPC
to assure separation may prove suMflently successful and reliable that controller
eMclency may be increased even further. Resectorisation and non-direct rout-
ing, taking into account a widespread area navigation capability, may unload the
busiest sectors so as to Increase capacity by an additional factor of two to three,
but with a proportionate increase in the number of controllers.

By these means, the control function of the upgraded Third Generation Sys-
tem can be made to handle the traffic projected for the 1990s. Should higher lev-
els of automation prove feasible, It would be possible to handle the traffic of the
1990s with fewer controllers.

Date acqutefion/h/ata ittk
The current data acquisition system Is working effectively and receiving wider

user acceptance. Diiculties experienced during its implementation are being
overcome. However, to provide the accuracy and speed of response required for
monitoring close spaeed approaches and the interference free capacity that will
be needed when all aircraft In dense airspace are transponder equipped, sub-
stantial modifcations will be needed.

Data link is clearly a requirement. Air-to-ground communications for the
Third Generation ATC system under present plans is limited to VHF voice. While
ATCRBS automatic identity and altitude reporting will unload the controller
somewhat, FAA studies indicate that controllers' communications workload may
seriously limit the increased efficiency available from automation. Furthermore,
an automatic separation assurance function, such as IPC, requires at least a
ground-air data link.

The Committee believes that the ATCRBS system should be upgraded by (1)
providing for the use of phased array interrogator antennas in the denser hubs
to achieve enhanced accuracy and data rate, and by (2) including an additional
"discrete address" modes to increase capacity in the denser regions. The addi-
tion of this mode would permit the simple addition of two-way ATC data link
service with ample capacity for the trafc forecast for 199.'5. Thus. upgraded
ATCRBS could provide a common data acquisition/data link system which
would operate nationally on a single channeL

The Committee has conducted preliminary system design studies and finds
a number of ways to perform this upgrading which differ in the degree to
which they modify the present system. All of these approaches, however, are
compatible with continued use of the transponder equipment presently being
produced. Comprehensive system engineering is required to specify the up-
grading program in detail.

Many members of the aviation community believe ATCRBS should be up-
graded along these lines. There are others who believe that a new system using
multilateration should be introduced in parallel with ATCRBS and should then
gradually supplant it

The Committee has compared these approaches and unanimously agrees that
the ATCRDS should be upgraded rather than replaced. This conclusion is based
on studies of (T) feasibility and cost of incrementally and compatibly upgrading
the ATORBS, and (2) technical risks and incompatibility of the various multi-
lateration systems.
Navigation an4 lUadbig ad

The- VORTMP navigation system, while less accurate and more wasteful of
bandwidth than modern technology could provide, can be compatibly and incre-
mentally upgraded so that It will present no impediment to the growth of avia-
tion before the 10Ws.

s Only desiated aircraft areAýiltted.'PrrItary multtm and slang , h .p Sr
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It in possible to navigate routes separated by two miles near busy terminals
utillain VOR/DME, area navigators and modern flight directors assuming
monitoring by the upgraded ATORBS.

A navigation feature is available in the data link/data acquisition system.
Because the location of all equipped aircraft 1. known continually to the ground
computer, position Information can be made available to the pilot on request
via the data up-link. The navigation accuracy would be better than % mile
anywhere In the service area. It is not suggested that navigation information
derived In this matter substitute or replace the basic VORTAC system. It should
prove useful, however, for updating a dead reckoning system or confirming
and/or refining any other air-derived position information.

The Committee recommends rapid implementation of the scanning beam
mlcrgwave ILS. It provides (1) Increased accuracy and reliability due to free-
dom from site and overflight effects, and (2) guidance Information for curved
approaches and variable glide slopes, all leading to Increased capacity at mini-
mum noise levels.
Bacok-p apeteme

The lives of tens of thousands of people may depend on the continuity of
operation of the ATC system. The Inherent reliability, redundancy, and recovery
modes from failure must be designed with extreme care.

The ATC equipment must be designed so that massive ground failure Is ex-
tremely unlikely. The equipment must be Inherently reliable and be designed
to withstand external failures, such as power loss, lightning, etc. It must be
engineered for sophisticated preventive maintenance. It must be installed,
operated, maintained, and frequently tested so as to ensure that the design
reliability Is achieved.

The ATC system must be able to recover from (1) failure of portions of the
ground environment, (2) failure of airborne equipment, and (3) an aircraft's
deviation from its prescribed flight path. The design of these recovery modes
becomes more demanding as traffic density increases. Multiple coverage should
be the prime recovery mode to ground failure, i.e., each center should be backed
up by neighboring centers and major terminals within the center; critical data
acquisition sites should be covered by neighboring sites; terminals would be
backed up by the center.

Emergency procedures for safe recovery from failure should be an integral
part of the original system design. Recovery actions In which both pilot and
controller must participate should be well understood and frequently simulated
by all participants. The procedures for such rare failures need not be at all
expeditious nor need they be as safe as measures that would be used normally.

The Committee considered the need for mandatory autonomous back-up air-
borne equipment, such as stationkeepers. It Is inclined to the belief that overall
ground system reliability plus emergency recovery procedures will be sufficiently
effective to render such equipment of doubtful value. This, however, only reflects
the Committee's Judgment since no comprehensive study of the relationships
between system design and recovery modes is available.

Radar skin tracking is now assuming a back-up, rather than primary, role as
the implementation of ATCRBS proceeds. In this role, it backs up the ground in-
terrogator as well as providing skin tracks on aircraft without operable beacons.

Radar is still extremely useful in NAB and ARTS tracking functions when
ATCRBS data is missing due to aircraft shielding or poor data reliability due to
over-interrogation, garbling, or fruit.

Even though ATCRBS reliability It improving, until such time as multiple
ant.ennas are installed on larger aircraft, transponder replies will fail routinely
on certain departure and approach routes, and automation progams will use
radar data In this portion of the airspace.

As traffic density Increases, the cost of correlating radar data and ATCRBS
data to find the unequipped intruder or failed equipment becomes substantial,
and perhaps more than the cost of transponders on all aircraft that would not
otherwise require them. Wider Implementation snd increased reliability of trans-
ponders will reduce the threat of the unequipped intruder and, in time, render
a primary radar system unnecessary for air traffic control, although its u4e for
air defense and weather data may continue.

There Is a procedural response to airborne equipment failure. Back-up proce-
dures using radio eomnronncations and VORTAC can be initiated with the
aircraft whose transponder or data link has failed.

88-O81--70-----4



The Committee endorses steps being taken to encojuvge widespread adoption
of the transponder. The FAA should also consider fhe possibility of requiring
transponders as initial equipment on all new aircraft. Larger aircraft should
varry multiple beacon antennas to assure reliability of the data acquisition
system during turns and climb/descent maneuvers.

The air derived collision avoidance system (CAB) has been suggested as a
means for protecting against an aircraft which has deviated from its prescribed
flight path, either because of an aircraft failure or an ATC system failure. While
such might prove satisfactory for isolated or momentary failures, the CAB
has never been proposed as a substitute for the ground based ATC system.

For CAB to serve its intended purpose in an isolated or momentary failure,
it is important that the CAB alarm region be less than the ATO separation be-
ing employed, otherwise its false alarm rate and interaction on ATC would be
unacceptable. The separation employed by ATC Is determined by the accuracy
and data rate of the ATC data acquisition/data link, and the response time
of the control and aircraft systems. There is some doubt that the CAS alarm
region can be made sufficiently small for all airspace in a system based only on
range and range rate information. This will become more critical as traffic
density increases and ss ATC separation standards are decreased. The exchange
of additional information in the CAS may help, but this complicates the equip-
ment further and would add to its cost, thus limiting the possibility of wide-
spread adoption. Without broad implementation, there is little utility to CAS.
In spite of this limitation, the Committee recognizes that some airlines may elect
to implement CAB. The FAA should study CAB performance to determine
to what extent It may be a useful supplement to the ATC system.

The recommended upgraded third generation ysytem
In summary, the recommended upgraded Third Generation System includes:

scanning beam microwave ILS for landing and terminal navigation: airports
that are designed for high capacity; improved VOR/DME for en route and
terminal navigation with wide implementation of area navigation: a discrete
addressed ATCRB8 that incorporates an integral data link (of varying sophis-
tication, depending on the aircraft) and that employs phased array ground
interrogators; automatic Intermittent Positive Control, at least in the denser
positions of Mixed Airspace, to safely handle increased traffic while maintaining
freedom of flight; an increased capability of NAS/ARTS as far up the automa-
tion ladder as becomes possible; and a coupling of the control function to
aircraft via data link.

PLAWNINO FOR TrH FUTURE

Fotirth generation spstei
While the upgraded Third Generation System appears able to handle the traffic

estimated into the 1990s, it is likely to exhibit significant deficiencies before
the end of the century; specifically :

The semi-automatic control process may be near saturation at major hubs.
and non-direct routing may be required at peak hours to achieve capacity.

The controller population, in spite of the added efficiency provided by a
fully implemented NAB/ARTS. may have grown to 35.000 or more.

Route separation requirements, especially in transitional airspace, imposed
by navigation errors may force additional non-economic routing and may
contribute to control system saturation.

Accuracy and coverage of navigation and surveillance may be inadequate
to meet V/STOL air carrier needs and also inadequate to meet both genera I
aviation and the air carriers' needs in remote areas.

The Improved DME system may be at the limit of its capacity.
While ad hoe fixes could be used to overcome some of these deficiencies, the

Committee feels a Fourth Generation System should be In orderly development
which can supplant the upgraded Third Generation System.

Poqsible components of a Fourth Generation System were studied using twice
the demand forecast for 1995. The total U.S. fleet was assumed to consist of one
million aircraft, with a peak Instantaneous airborne count of 100,000. This fleet
was almost all general aviation aircraft, but the one percent which is air car-
rier made ten percent of the flights and generated eighty to ninety percent of
the passenger-and-erew miles.

Universal coverage, improved system accuracy, and much higher levels of
automation, If feaible at reasonable cost, could overcome the longsterm. pro-
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jected deficiencies of the upgraded Third Generation System. The Committee's
review of future possibilities identified space and computer technology as offering
the greatest potential advantages.

A more automatic ATO 8ystm.

To obtain an understanding of the feasibility and cost of proceeding towards
a greater degree of automatic ATO operation, a study was made of the Los
Angeles Basin under the design conditions for the Fourth Generation System.
The en route area (approximately 400 x 800 miles) was assumed to have an
instantaneous airborne count of 8000. Of these, 4200 were in the terminal area, a
region 00 x 120 miles in area by 10,000 feet in altitude. Within this region were
12 high density terminals. The study was limited in that it did not address the
problems of the highly sophisticated logic that would be required for full auto-
mation, or the difficult software problems Involved. It did, however, assess in
detail the computer requirements for all of the calculations that would be re-
quired once a specific control strtegy had been selected. The conclusion was that
the computer technology of 1975 will be adequate to ,ope with twice the projected
1995 traffic. The computer costs for automation of the Los Angeles Basin. both
terminal and en route, for the traffic defined above were surprisingly low-less
than $50 million.

Adding the functions of conflict prediction and resolution, spacing, sequencing,
and metering with ground-air-ground data link to the semi-automatic NAS
Stage A and ART8 III automates all normal ATC functions. But this is not the
limit to automation possibilities. A higher level of automation would have the
controller provide system status inputs such as weather and wind shifts, blocked
runways, aircraft emergencies, ATC equipment failures, and the ATC system
automatically accommodates to these inputs in directing traffic. Such a higher
level of automation requires a system design and reliability (both software and
hardware) such 'that no emergency develops that cannot be resolved by the man-
machine combination. In such a system, man is the manager and exercises stra-
tegic control of the system. Whether the upgraded Third Generation System
-could be used in this manner can only be answered after accomplishing the
recommended research and development program.

The initial studies of automatic Intermittent Positive Control for Mixed Air-
space seem sufficiently promising that applications of IPC to those positive con-
trol sectors where merging and sequencing are Infrequent should be thoroughly
tested.

In addition, the Committee recommends the prompt initiation of a system study
that determines whether the higher levels of automation achieved by the in-
cremental additions to NAS/ARTS would be fundamentally different from an
automation program that was derived from basic considerations of air traffic
flow capacity and safety.

In summary, the Committee recommends three parallel approaches toward
higher levels of automation-incremental, but rapid, additions to the NAS/ARTS
-program for positive control and dense terminal airspace; IPC for Mixed Air-
space and possibly some positive control regions; and fundamental studies of
higher levels of automation.

Satellite systems
Three-dimensional position accuracy of a hundred feet and universal coverage

appear attainable from a properly designed satellite system. Because of relatively
"high elevation angle, satellites can have less multipath Involvement than any
ground based sensors.

The airborne component of such a system might he comparable in cost to
present transponders if all computations were performed on the ground and
relayed via satellite to the users, and the satellites employed high power and
highly directive antennas.

A satellite based system might contribute to solving such perennial aviation
problems as low altitude navigation and surveillance for V/STOL aircraft,
separation assurance for air carriers engaged in infrequent services to low
-density regions, the need for approach aids at remote airports.10

The Committee considered one such system employing a constellation of five
synchronous satellites designed to serve all the CONUS airspace, provide up to

20 In addition to aviation, there will be a wide range of users for a precision navigation-
surveillance-data system which does not suffer the usual line-of-sight restrictions. Marine
search and rescue, police and fire. and many, military users could be, compatibly, uervid at
-data rates which would add little'additional to the aviation load.
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100,000 instantaneous participating aircraft precision navigation (including alti-
tude), data acquisition, and ATC data link services. The annual cost for the
satellites and associated ground equipment appears to be less than $100 million.

The major technical and operational problems relate to (1) the development
of a signal processing system adequate for the traffic within a reasonable band-
width, and (2) achieving the reliability demanded of a system that is con-
centrated as compared to the current difuse system, especially immunity from
fallin catastrophically due to hostile human acts. The Committee recommends
a research program relating to these problems.

5. RzCoMMuViD DUvLOWME-'r PB0oo&m

The )AA's problem is similar to that of a public utility-a steady, fairly pre-
dictable growth in demand requiring a continuing growth in services with an
accompanying growth in technology. An appropriate response to this situation
Involves both long range planning and a continuing R&D program to prepare for
future needs. The Committee has been hampered in its efforts by a lack of an
adequate R&D and data base on which to predicate its recommendations. This
is related to a long history of austere R&D budgets for air traffic control. The
Committee is convinced that a policy of low R&D expenditures is not economical,
but is, in the long run, very expensive, especially in an area of high and rapidly
advancing technology such as air traffic control. In addition to the major R&D
Investment needed in the near future to cope with the present problem, the
Committee recommends a general policy of increased R&D effort for air traffic
control. However, to be effective, this effort must be closely coupled to overall
system planning and system engineering. System engineering, in turn, requires
an Intimate knowledge of current operating problems.

The research and development recommendations are categorized Into three
major groups:

1. Increase airport capacity to satisfy the demands in the 1975-1980 period
and beyond.

2. Provide en route and terminal airspace capacity adequate for the traffic
of the 1980s.

8. Determine the ingredients of a Fourth Generation ATC System for the post
1990 period.

Program I objectiv.-Increase Airport Capacity.
1.1 Perform major urban airport system studies dealing with capacity in-

crease and noise reduction possible through (a) dual lane runways; (b) close
spaced parallel runways; (c) curved approaches based on scanning beam micro-
wave ILS; (d) two-step glide slope; (e) power cutback during climb; (f) retrofit
of the 4-engine jet fleet with quiet nacelles; and (g) addition of terminal auto-
mation capability of the ARTS III program, such as command control sequencing
and data link formatting. Estimated duration, 2 years; estimated cost, $4
million.

1.2 Develop, test, and evaluate a wide angle scanning beam microwave ILS
for the high density terminal as well as a simplified microwave ILS for the low
density or general aviation airport. Develop the airborne course computers
to operate with the scanning beam microwave ILS so as to perform system tests.
Evaluate feasibility of transmitting aircraft cross track position to the ground.
Estimated duration, 3 years; estimated cost, $10 million.

1.3 Conduct flight tests to (1) verify the safety of closed spaced parallels
and curved approaches, utilizing guidance derived from the scanning beam
microwave 1LS, and (2) prove the safety of nominal time separation and reduced
longitudinal' separations utilizing the recommended data acquisition system
as a monitor. Estimated duration, 3 years; estimated cost, $8 million.

1.4 Develop procedures for evaluating the wake turbulence hazard and meas-
uring vortex locations and intensity and for providing this information to
ATC. Test the vortex suction technique for clearing runways of wake turbulence.
Conduct eXploratory work ipcluding vortex decay by blowing. Estimated dura-
tMoN,3 years; estimated cost: $5 million.

1.U Develop systems for detection and control of aircraft and vehicles on the
airport surface. Estimated duration, 3 years; estimated cost, $10 million.

p•rlgram* obljectve.-Increise the En Route and Terminal Airspace Capacity
of the Third Generation Air Traffic Control System to Accommodate Traffic
up to the 1980's.
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2.1 Conduct a system integration study of the upgraded Third Generation
air traffic control system.

(a) Integrate the upgraded ATCRBB, including its data link and computation
facilities with the upgraded NAS and ARTS systems.

(b) Develop an upgraded ATCRBS implementation plan with and without
a frequency change from 1080-1090 to 1580-1575. Study the feasibility of
operating components of the current ATCRBS at 1560-1575, as well as incorpo-
rating a data link.

(c) Define the services that should be provided In Mixed Airspace when air-
craft are equipped with the upgraded ATCB8. Where are "VFR Highways"
appropriate, what is required to enter and navigate them, where is WIC service
appropriate, how does the mix of upgraded ATCRBS and standard ATCRBS
beacon affect the quality of IPC? Develop and evaluate IPO eonflict detection
and resolution software for various traffic densities and distributions. Develop
and evaluate "VF'R Highway" concepts and the required software for various
traffic densities and distribution.

(d) Define the services that should be provided in Positive Controlled Airspace
when the ATC data link beacons are part of the upgraded ATCRBS. How are
clearances requested, provided, and verified? How are ATC commands In the
en route and terminal airspace provided and acknowledged? How are ATC
warnings and missed approach directives provided? How do these services reflect
in the system design?

(e) Develop a comprehensive reliability plan for the Third Generation System,
including the ATORBS, ARTS, NAB, towers, landing and navigation aids, radar
surveillance, and communication systems. The recovery modes from failure of
any of the components of the system or its interconnections should be carefully
developed. Simulation of these recovery modes should be conducted with great
care, and personnel should be rehearsed in their execution. A comprehensive plan
for increasing the inherent reliability, for providing sophisticated preventive
maintenance, and for improving the reliability of the present system should result
from this study. Another result should be the specification of the inherent
reliability, redundancy, and recovery modes of the ,pgraded Third Generation
System. This should be verified by real time simulations. Specifications should be
prepared for all parts of the system as a result of these tests. If these tests
indicate an independent, air derived back-up mode is required, specifications
should be prepIred and its integration with the ground environment should be
specified. Estimated duration, 3 years; estimated cost, $25 million.

2.2 Modify the ATCRBS to provide increased surveillance accuracy and to
achieve better reliability by adding a discrete address mode data link function.
The ground based interrogator in a high density terminal should be a phased
array with substantial horizontal and vertical aperture. The interrogator for the
small terminal should be developed. The sophisticated airborne component should
be capable of (1) 100-200 foot range accuracy, and (2) initiation, receipt, and
verification of flight clearances. The general aviation airborne component should
be capable of verification and acknowledgment of IPC commands and initiation,
receipt, and verification of "VFR Highway" information should the system study
indicate this mode to be desirable. Develop a reliable, low cost altitude encoder.
Estimated duration, 3 years. but requires priority; estimated cost, $40 million.

2.3 Develop the full center automation (NAB) program, including conflict de-
tection and resolution, flow control sequencing and metering, and those portions
of IPC and ATO data link assigned to the centers as a result of 2.1. Provide ex-
perimental facilities for simulation and live testing. Estimated duration, 3 years;
estimated cost, $80 million.

2.4 Develop the full ARTS program, Including command control sequencing,
threat evaluation of deviation from parallel courses, Intruder detection and reso-
lution, and those fP0 and ATO data link functions assigned to ARTS as a result
of 2.1. Provide experimental facilities for simulation and live testing. Estimated
duration, 8 years; estimated cost, W million.

2.5 Institute an adequate research program in the techniques and data collec-
tion area 'to assure a more complete data base for future development in various
areas. This would Include research into multipath, coding, and synchronous tech-
niques, Improvement of communication system relial&ity, and review of qatel-
life system technology-for over ocean surrefllancei adv communication. Estimated
duratlopm 3 yegrs; estimated cost, $15 million.

Pro gtem 3 objective.---Test the Feasibility of Major Innovations in the Air
Traffic Control System that Might be Key Ingredients of a Fourth Generation
System.
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3.1 Studies on automating the ATC system. Is It possible to achieve the rdlia-
billty in software and hardware necessary when the ATC decision proces. is
mechanized? What is the man-machine relationship as automation proceeds well
beyond the NAS and ARTS level? Will an automation approach based on funda-
mental air traffic flow, capacity, and safety consideration be different and better
than Incretmently Increasing the automation capability of NAIR IlTs*" Esti-
mated duration, 5 years; estimated cost, $15 million.

&2 Conduct system studies on the use of a cluster of synchronous satellites as
a base for data acquisition, navigation, communication system for aircraft in
the continental United States. Study a signal processing system adequate to serv-
Ice all Instantaneous airborne aircraft in the post 1990 period. Study the vul-
nerability of a satellite system, including Its ground complex. These problems
and others should be part of this study to determine the feasibility, economics,
and desirability of a system employing satellites as a data base for an air traf-
fic system in the period beyond 1990. Estimated duration, 3 years; estimated
cost, $10 million.

The recommended research and development effort i, not exhaustive, it treats
only items of highest priority. Some of the programs are included in FAA plans
or are based on previous FAA efforts. Some are not. All are organized to pro-
vide the basis for achieving a given system objective (in safety, efficiency, or
capacity) by a certain time. The recommended funding levels are estimated to
complete the R. & D. in advance of the predicted requirements.

TABLE 5-1.-IECOMMENDED DEVELOPMENT PROGRAM CONTRACT COSTS

Program Cost Duration
(in millions) (in years)

L Increase air ort capacity:
1.1 Uran airport retrofit studies ------------.... . .---------------_-- - $4 2
1.2 Microwave L15 development --------------------------------------- 10 3
1.3 Fllht tests of reduced searation ---------......................... 8 3
1.4 Wake turbulence studies ----------------------------------- 5 3
1.5 Airport surface traffic control -------------------------------------- 10 3

Total --------------------------------------------------------- 37 ----------

2. Increase airspace capacity:
2.1 System integralion study -------. .......................... -------- 25 3
2.2 Develop discrete address ATCRBS --------------------------------- 40 3
2.3 NAS automation extension ---------------------------------------- 30 3
2.4 ARTS automation extension ----.------------------------- ---- 30 3
2.5 Technique developments ------------------------------.----------- 1 5 3

Total ------------------------------------------------------- - - 140 ----------------

3. 4th-generation system:
3.1 Studies toward higher automation ----------------------............ 15 5
3.2 Satellite system studies ------------------------------------------- 10 3

Total ---------------------------------------------------- -- -25 -------------..

Grand total ---------------------------------------------------- 202 ----------------

Mr. HECHLER. What is your projection of how long it will take for
the review to be completedI

Secretary BFnos. It is going to take some time to convert the report
into a meaningful long-range plan. The reason is that there are a
number of factors that have to be taken into consideration to relate
the Alexander recommendations to the existing program the FAA has.

In addition, we have the problem-our intent is to expand the air
traffic control R. & D. program quite substantially. As a matter of fact,
our projection is that with the passage, or assuming the passage of the
Airports Airways Expansion Act, we will more than double the pro-
gram and perhaps in real terms probably quadruple the program be-
cause a major part of that R. & I. money has gone into areas that are
not strictly R. & D. on the air traffic control system.
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So what I am saying is that we are right now wrestling with the
problem of laying out the long-range R. & D. program in this expand-
ing program, and we have to relate the Alexand7er recommendations
to those plans, to take advantage of what the Alexander committee
developed in laying down a plan that carries into the 1970's. Because
that is what he is really talking about, he is talking about 10 years out.
And having had some experience in planning research and develop-
ment efforts, planning for 10 years is not easy.

It is a difficult process and you have to make projections as to where
you think you can go, based on the technology of today, and then you
have to make projections as to where you think you w ill be able to go
based on extrapolation of those technologies.

So I would say that hopefully we will have some handle on our
FAA R. & D. program, the R. & D. program that we have in the Office
of the Secretary, and the Alexander report, prior to the passage of the
1971 budget. In other words, I think we will be able to grin'd these
things into the 1972 budget cycle.

Mr. HEcHLE1a. I hope you will keep this committee very close]y
posted on the progress of this review and when it will be corn kC-tey

Secretary BEGGS. Yes, sir.
Mr. HEcHLm. You have been an official in NASA and now that

you are in DOT how do you view in a different way any difference
in the role of NASA in its aeronautical 1R. & D.? Hlave you changed
the relationship any or do you have any fresh ideas as to how NASA
ought to proceed on its aeronautical R. & D. in the future?

Secretarv BEGGS. I haven't really changed any of my opinions on
the role that the two agencies shouldI play. it has always been my view
that the proper role of DOT-FAA in this process is to try to formulate
objectives and to try to outline problem or problem areas in such a
wav that NASA can respond by working them into their research
program. I think there probably is a great deal more that we can do
in expanding the communications between the two agencies. As an
example of an improvement in the communications process, we will
be investigating and discussing a great deal how we can take advan-
tage of the NASA research centers in much the same way, or along
the same lines, that the Army has been using Ames.

There also is I think a great necemssity to expand the dialogue. There
has been, I think, kind of an inhibition to crossing certain lines. Par-
ticularly when you get into the air traffic control area. there has been a
feeling on the part of some of the people in the Department that there
are certain Department prerogatives and certain NASA prerogatives,
and you shouldn't cross the line.

I think we can do quite a bit towards looking at the thing more as a
system and getting both DOT people and NASA people to work
together from the point of view of the whole air system, as opposed to
"You do aeronautics, and "You do air traffic control." and the twain
will meet only after we have completed the research.

Mr. HiECHLER. I know exactly what you are talking about. As I
commented earlier to Mr. Pelly and Mr. Wydler. we face the same prob-
lem here in Congress, of the inhibition in crossing committee lines,
when you have a problem that really ought to be looked at as one
large problem.
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How will the probability of the passage of the airport airways bill

affect NASA's aeronautical research in the future?
Secretary BEGas. Well, it will not directly, although as I said, we are

exploring ways to make use of the NASA research capability.
Mr. HEcmLER. I mean particularly that bill in itself, since it puts

so much emphasis on planning, to stimulate the development of more
planning and research within FAA and DOT. Won't it have a com-
parable effect on NASA's operations?

Secretary BEGGS. We would hope so. We would hope that by the
exchange of personnel and perhaps by actually working in some of
the NASA research centers we could not only help ourselves by stimu-
lating some of the plans and research processes in the Department of
Transportation but perhaps stimulate further efforts of NASA.

It has always beeni my view that the program in NASA was in
general a pretty well configured program. It is thin in certain areas, I
believe, and I think there is room for expansion of several of the areas.
I would like to see NASA do more in some areas.

WVhen I was over there, recognizing the budget constraints that we
were under, we tailored the program in the best way we knew how, and
I think it was a good program, and I still think it is a good program.
As a general rule they are covering all the necessary areas, but as I said
before, I think it is thin in some areas.

I would like to see it expanded. I think from the point of view of
that expansion, a greater interchange between us will stimulate that.

Mr. HEcuLER. Specifically, we have been putting a lot of emphasis
in this committee on some more work on V/STOL and STOL develop-
ment. Now have you tried to set any more specific goals on the speed-
ing up of this type of research by NASA toward the time when we can
really utilize demonstration vehicles?

Secretary BEGGS. Mr. Chairman, I think we in DOT have to get our
own house in order here before we push NASA too much in this direc-
tion. We are trying and have been trying to get a demonstration
going, and to lay some plans so we can move out to demonstrate what
can be achieved by the use of V/STOL aircraft.

We have talked to NASA in this area and I would think that further
efforts in this area are justified on their part, but. I think we have to
decide clearly in DOT how far we are going to go in the demonstra-
tion area before. we can move forward quickl" in requesting more help
from NASA. We haven't done that yet. That is regretful, but we
haven't.

Mr. HECILER. If you speed this up a little bit, would this help you
overcome some of the airline resistance to the utilization of STOL say
in the northeastern corridor?

Secretary BEGGs. Well, it might, although I should point out that
this is not all a one-sided view. STOL aircraft right now are expensive
to operate. There are some aspects of their operation that are not very
well defined in terms of safety in their operation within the system.

They have some marginal ýapabilitv under poor conditions, poor
flying conditions, that give the airlines some concern and indeed give
us quite a bit of concern. On the other hand, they do offer the potential
of lending some hope of solving this system problem of tremendous
congestion at the large jet ports, and really about the only way you
can take that pressure off in a short-range time frame is to use some-
thing like V/STOL at landing strips that get away from the jet ports.
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So they are potentiall of great interest to us, but -they do have some
drawbacks. I think you have to look at both sides of the coin when you
start to put pressure on the airlines to use the aircraft. My personal
view is thai the answer here is to get a demonstration started and to
start flying aircraft in actual service and find out what we can do with
them. This has always been the way the system has developed. It has
been someone who takes the bull by the horns, gets something going,
and finds out how he can use it within the system who generally proves
out whether you can use it or not.

I think that is the key in this area. And we are trying to do that.
It has been a slow and tough process, but we are trying to do this,
and the FAA is pushing hard to get a demonstration going.

Mr. HrzcncL I congratulate you on the statement you have just
made, which objectively weighs just what the STOL cani do. I wonder
whether DOT has given any thought to developing a policy on
STO_, for example, that can weigh the very things that you have men-
tioned and project into the future just where this airplane ought to
relate to our entire transportation system?

Secretary BEcs. We had Mr. Secor Browne giving a lot of thought
to this when he was our Assistant Secretary for Research and Tech-
nology. He unfortunately ran away from us and went over to the
CAB, where I hope he is still thinking about it. The work that he was
doing in this area is temporarily in abeyance while we get ourselves
another Assistant Secretary for that area, and I hope we will have one
within the next couple of weeks.

I am going to put hun on this particular subject right away becauseI think it is an area that needs to be pursued right now.Mr. l Hc I made the observation at yesterday's hearings toat
I though t would be extremely useful for the Nation to have a na-
tional aviation policy formulated, to look at the entire picture and set
forth our goals and areas we ought to emphasize and work toward in
the future. And I think is just one little piece of that.

Secretary B~xis. Yes, sir. We fully concur in that. We found it isnot an easy process to formulate national policy. You know the
President early this year set us about trying to formulate an entire
policy on transportation for the Nation, andwe have been wrestling
with that one or about a year, and we found it is not as easy as it
sounds when you first set out tdo e it.

But we do feel that in a similar way a national policy on aeronautics
and civil air transport must be developed. And the thing that we set
Mr. Larry Greene out on in this civil aviation study was to come up
with the basic papers and to study the areas that related to the national
policy in aeronautics, which should enable us at the time thatb study
gets downstream, somewhere within about a year or so, to start to
gradple with the question of how one puts a policy like this together.

ueople have tried their hand at formulating national policy on
transportation in the past. I have read a number of those studies
starting with the Weeks report that goes back 20 years or so, and
while they did very well in what they were setting out to do in out-
lining the problems, the formulation of policy didn't quite come out

as well. From the Weeks report through the studies that were done
in the latter stages of the Eisenhower administration and President
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Kennedy's report in the early 1960's, until the current time we still
haven't quite come up with what we need. But we are going to try.

Mr. HECHLER. Mr. Helstoski.
Mr. HzLsTosxi. One question. You made reference, Mr. Beggs, to

4a study that was conducted in regard to public travel patterns toward
:airports. Is this some scientific study that was made by DOT? Is it
available?

Secretary Bwos. Yes, I believe it is available. I will dig it out and
send it up to you. It is a study that was done several years ago. How
scientific it is, I can't say. It was one of a number of econometric
studies that have been done from time to time relating to travel in the
corridors in metropolitan areas.

There have been a number of these econometric models constructed.
The Northeast corridor study, which has gone on for something like
Sor 7 years, relates to the same kind of problem, that is, how do peo-
ple move in highly concentrated corridors, in all modes of transpor-
tation. And you are able to draw some conclusions from these relative
to the question that the chairman asked me, on which way-you know,
how do you construct a system so as to truly serve the traveling pub-
lic. Because you find in these things that people are moving in many,
many different ways and they move by many, many different modes
as they go from place to place.

One of the interesting things that comes out of some of the North-
east corridor studies, for example, and relates to the problem of
V/STOL transport, is that the average speed of moving from Wash-
mgton, D.C., to New York by almost any mode that you can think of in
the high-density hours is about the same.

I mean you can drive there or you can drive down to the airport and
take a plane, or you can get on a train, and you get there with about
the same average speed, which is interesting to me.

Mr. HELsTosxI. As a characterization, I said scientific. I wonder
whether or not some of these studies were conducted by airport
authorities?

Secretary BEcos. Yes, they were.
Mr. HELsTosKi. This was a portion of the total study. And I wanted

to contrast it. Some of the study also included what I consider informal
polling, while you sit in a plane as a passenger and answer several ques-
tions. Some of the polling that was done by airlines seems to me was
"totally improper because of some of the iluestions that were asked
in conjunction with this so-called study that the airline was making, to
make a determination of travel patterns of the public.

They were extraneous questions and it had nothing to do with it.
I had a second question, too. This is something that constituents

ask quite often. Do we see any specific benefits that inure to the avia-
tion industry as a consequence of our space program today, in terms of
perhaps communications or something? I know we get the general an-
swer that there is improvement in these areas.

What I am speaking of is in terms of a radical departure that could
be employed to alleviate traffic congestion or perhaps noise abatement.

Secretary BEOs. Well, there are a number of areas that have pro-
vided benefit, starting with the basic materials, work that was done
in the program. This, of course, has been of benefit and is being applied
right now to the aviation field.
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The area that probably is of greatest interest currently is a satellite,
system for navigation and communications. I think we are within a
matter of 2 or 3 years from having a eatellite communications and navi-
gation system serving at least the international flights. This will be, of
couirse, a very material aid in accommodating the large increase in
traffic we expect on all of the international runs.

There are any number of developments that have taken place in the
Space Agency that have been applied in one way or another to the air
traffic control system. Some of the display work that we are doing now,
the displays for the air traffic control centers, draws on space tech-
nology. Much of the communications work does. And the fact that we
are considering going up into L band communications in the future is
probably a result of the fact that the technology resulting from the
space effort and also work that DOD has done, has progressed to the
point where we have confidence we can move into that band and have
equipment which works and is economical.

Mr. HELSTOsKI. All right.
Thank you, Mr. Chairman.
Mr. WYvLER. Mr. Chairman.
Mr. HECHLER. Mr. Wydler.
Mr. WyDLER. A few additional questions.
Your statement on page 7, where you say you are expanding your

research in noise abatement. What does that refer to specifically?
Secretary Bwcks. We are pursuing a number of areas--
Mr. WYDLER. I am worried about the expansion now. Is that in dol-

lars, is that inflationary expansion, or is this real expansion?
Secretary BEOGs. No, we are trying to put some more dollars into-

primarily this is directed to noise suppression. We have several con-
tracts out to develop economical nacelles for the subsonic jets, which
will with a relatively small weight penalty provide a substantial im-
provement in noise in the order of five or six PNdB perceived noise
in decibels, upwards to a maximum of 15 PNdB, and we believe that
we will be able in a matter of a year or two to have something that
could be retrofitted to existing transports and also apply to new trans-
ports that will materially reduce the noise.

I think the major hope here-
Mr. Wymt&R. What is the expansion! That is what I am interested

in. You say you are expanding it. Now what are you doing that is
expanding it A

Secretary BEoGs. We are putting more dollars into it, Mr. Wydler.
Mr. WYDLER. More dollars for the same thing?
Secretary BEOGs. Primarily the same thing; yes. I think, though,

that the major hope here is in the new transports, like the 747, where
from the beginning in the design of the transport the engine and air-
frame has been designed for a low noise output. That airplane will be
some 10 or more PNdB quieter than the existing 707's.

Mr. WYDLm Which they tell me-
Secretary BEcGs. Very significant.
Mr. WYDLER. Is one-half the noise.
Secretary Biaos. That is right.
Mr. Wmvrm. You can back that up I
Secretary BEGs. Yes, sir.
Mr. WYDLtR. Because I have a lot of people who question that, too,

I want to tell you.
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S try B~oe:.Wel1, I hesitate-that comparison has been made
and'in the scientif&, 'gfise it is true. But I hesitate to make it because
if you stood, bWde w 747, it: would Will be pretty noisy, you know, but
insofar as communt nie U obncerned, the noise t, is perceived
on the ground, it i* very duch qdieter, one-half as noisy, and it is very
striking, if you have heard it Iyf ver.

Mr. WmLLm W611, Mr. P*e1 has had that advantage. He tells me
it is very quiet, but he didn't tell me how high that airplane was that
wai going over his holse.

Mr. Piur.'They don't fly very high when they are going over my
house, I can tell you that.

Secretary Bz&s. They ran an experiment out at Boeing flying a 707
and a 747, -And I can assure you that there is a very, very striking di f-
ference between the noise levels when each aircraft flis at the same
altitude.

Mr. WmiLFR. This is what you are going to try to do with this ex-
panded research on existing jets?

Secretary BEOGs. That is correct, yes, sir, we are going to provide
enough-

Mr. WmDLm. The new noise levels for existing jets are going to
take into account the fact that the airlines are going to have to quiet
those engines down?

Secretary Bz~os. We intend to do that.
Mr. WYmiM. Now, just hs an aside, this Tupelov-thi.- Ruissan

supersonic..
Secretary Bvos. Yes, sir.
Mr. WyTwr. To me that looks just like the B470. Is there any truth

to that I I mean did they copy the B-70 or did they t one or what?
* Secretaky BEosU. We l, the SOZiet designers are rnown to take the

best from -wherever they can Oet it. They have indeed borrowed from
other designs niny tine •iri the past. The Tupelovs have a very in-
teresting 4esign-inistitute. 1t is a falher-and-son combination.

Frank Bormann, when he ii&ade his tour of the Soviet Union. visited
the Tupelov Deign Ynstitute, and the two Tupelovs took him out to see
the transport an~ he was very, very much impressed with the airplane.They took him all through it and sat him in the cockpit.

I saw him shortly aft~er he returned, and he shid it is a very, veryfine machine. He was very' much impressed with it.

Mr. W~'rna. Finally, what would really happen--because people
have sugested it to me-:what would really happen economically,
and what would happen to the economic arguments for that matter,
if our country was siptly to say that we weren't going to allow any of
the supersoni6 jets to'fiwseennedy Airport? What would happen to
the international maret for these aircraft?

Secretary]Rii ,s. W ,l
Mr. WyimLrE. Ilis ai'nbody ever thought about that.?
Secretary BEGos. For one thing, they would land in Canada, because

the Canadians have welcomed them.
Mr. W.DLmE. I am sure they do. They could. land in Siberia, too.

But very few people want to go to Siberia or Canada. I asked, and
the question is if a person wants to come to New York or the New
York mWtropolitan area and he. found out he couldn't gpt an aircraft to
fly hihi ihieie in 1ihig 'pe, Wooid he' take the other type?
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Secretary BEGOs. I wonder how he would take it if he found the
Tupelov transport was flying into India and into Japan and across
the Pacific into Australia and to all the other centers of commerce.
Because it is my view if they were flying those routes, Americans going
to those places would ride it. I just don t think that that is a good poe-
ture to take, that we close our eyes to this technology, which is what
you are saying we are going to do, shut it out of the country and sort
of close our eyes and pretend it isn't there.

To me it is an ostrich philosophy and it doesn't make the problem
go away.

Mr. W•ryL•. I am just trying to say this. To me somebody would
answer the economic argument that the other countries are going to
gain a great economic advantage by building these aircraft because
they are going to be able to sell a lot of them to various countries be-
sides themselves to use.

It seems to me with such a specialized aircraft, that there is only
about three or four routes in the whole world that make it even close to
being economically feasible to fly the aircraft, particularly if you are
going to completely eliminate its use over land except at subsonic
speeds, because then it loses all its advantages as a competitive plane.

So it would just seem to me that almost inevitably if you denied it
at a few airports in the United States, the whole economic feasibility
of that airplane would come crashing down. It would be a totally un-
economical aircraft. I am not suggesting we do that.

Secretary BGoos. I understand.
Mr. WmuL'z. But I am just thinking if anybody ever thought of

what that might mean.
Secretary FGos. Many of the foreign airports are becoming very

busy airports indeed. The studies that we made of our transport in-
dicate that there is a potential on the transatlantic, transpacific routes
for use of upward of 500 transports Some of the studies that the Eng-
lish have done and have published indicate that there is a market for
upward of 800 of these aircraft,

There are orders for the Concorde in hand right now of upward
of 65. We have 122 commitments for our transport. We do not know
whether the Soviets have sold any or not, but they are talking about
several hundred of their aircraft flying the trade routes.

One of the interesting things to me about the supersonic is that it
opens up markets that previously have not been as open to air trans-
port on the subsonid jet basis. For example, the supersonic flying to
South America will provide transportation that will get to the southern
South American cities, which are the important cities to us, in about the
same time as we now Ay to Europe on the subsonic jets. And we know
what a tremendous inducement that subsonic transportation was to
travel to Europe.

I anticipate that this will open up South America to us on the same
basis..In addition the Japanese economy, which is the fastest growing in
the world and is now the third largest economy, will be within 7 to 8
hourstraasportation time sway. I think that is very significant. When
you start bringing countries that close together in ti me, the trade and
the busitless development, the development of cultural relations, every-
thing increases enormously, and this airplane, this'machilne will allow
us to do what we have traditionally done with the Europeans.
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Mr. WTDLE. Thank you, gentlemen.
Mr. Hzcm". Mr. Helstoski.
Mr. HrmsTosKi. I had one other question, Mr. Chairman.
Mr. Beggs, you made reference to navigational and air traffic control

satellites, as possibilities of the future?Secretary "Bisms. (Nods.)
Mr. HzLwLxr. Has there been any resolution as to who wouldoperate them I Would it be the private sector, or would it be govern-

mental ?
Secretary BFGOS. It is very probable that COMSAT would operate it

and sell its services just as they sell their current communications
services.

Mr. HSTmrosKI. Is this the thought, the present identification?
Secretary Ba•Gs. Yes, sir; the current planning is based on that.
Mr. Hi.LsrosKi. All right. Thank you.
Mr. HECHLER. Any other questions on my unbalanced left down

here?
Mr. GOLDWATER. No.
Mr. HECHLER. I would like to ask two quick final questions.
I made the suggestion during yesterday's hearings that maybe it

might be a good idea to give the Department of Transportation statu-
tory membership on the National Aeronautics and Space Council. I am
not asking you to put the stamp of any kind of official approval on that.
but do you have any overwhelming objections?

Secretary BEGOS. No, sir. T have talked to Bill Anders about this
several times, at his initiative. He has been up to see me after getting
in down there. We have, of course, been observing-

Mr. HEcHLmL Yes.
Secretary BEGGs (continuing). The activities of the Space Council

for a number of years. So far as I know, we have never missed any-
thing in those Council meetings, nor have we ever not been advised of
anything that falls within our purview.

But certainly we would have, the Department would have no objec-
tion to sitting on the Council.

Mr. HECULER. I noticed at the top of page 2 you said:
We have had our first advisory committee and working group sessions.
What is this advisory committee, who heads it, and just what does

it do?
Secretary BEOGS. Yes, sir. We asked Dr. Guy Stever to head a com-

mittee which would provide an overview of the work of this study
group. Dr. Stever, as you know, has been very active in the study of
aeronautics in general and air traffic control in particular.

He ran a committee study in the National Academy of Engineering
about a year and a half ago, the results have been published, and we
felt that he would be an ideal man to get into this. Some of the recoin-
mendations he made, or his committee made in the National Academy
of Engineering report are a basis for some of the things we are doing
in this civil aviation study.

So I think he is uniquely capable of providing an oversight of the
entire study, and that is what we asked him to do.

Mr. IHicmm. Could you give the committee the membership of this
advisory committee?
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Secretary B=Gs. I can supply it for the record.
Mr. HECELE. I mean for the record.
Secretary BzGes. Yes, sir.

THE AD HOC STUDY ADVISORY COMMITTE'E TO THE JOINT
DOT/NASA CIVIL AVIATION R&D POLICY STUDY

The Study Advisory Committee will be established to provide the Chairman,
and Vice Chairman of the study with expert and broad advice and counsel in,
the conduct of the study. To insure the achievement of this end, the Committee-
will be formed utilizing the National Academy of Engineering and will be con-
stituted with top level leaders in the air transportation field, from other Govern-
ment agencies, industry, and universities. The Committee will meet periodically
to review the status and progress of the over-all study activity and its many
separate elements, and will advise the Management Committee of its views on
these matters as well as content of the study. The Chairman of the Advisory
Committee will serve on the Management Committee in an ex-ofcio capacity
and thus will be kept In very close touch with the over-all study and its many
elements. It is anticipated that the Committee will meet at approximate quarterly
Intervals. The business of the Committee will primarily be accomplished at
the meeting. It may be desirable to have an extra meeting or so at the request
of the sponsor. It may also be requested, on occasion, that members prepare a.
special working paper for the use of the Conimittee and the study. Finally. It
is expected that the Study Advisory Committee may prepare, at the conclusion.
of the study, its own report of the findings, for presentation to the Secretary
and Administrator.

PROPOSED MEMEBERSHIP

AsEB AD HOC STUDY ADVISORY COMMITTEE ON AERONAUTICS

(In support of DOT-NASA Study of Civil Aeronautical R&D Policy)

H. G. Stever (ASEB), President, Carnegie-Mellon University, Cormnittee Chair-
tlian.

R. L. Bisplinghoff I ASEB i. Dean School of Engineering, MIT.
W. L. Hawkins (ASEB), Vice President. Science and Engineering, Lockheed

Aircraft Corporation.
W. C. Mentzer (ASEB). Senior Vice President, Engineering and MMaintenance,

United Air Lines.
P. W. Pratt (ASEB), Vice President and Chief Scientist. United Aircraft

Corporation.
J. M. Kyle. Jr. (ASEB), Chief Engineer. The Port of New York Authority.
R. H. Miller (ASEB), Head. Department of Aeronautics and Astronautics. MIIT.
G. E. Solomon (ASEB). Vice President and Director, Systems Laboratories,.

TRW Systems Group. TRW Inc.
S. L. Higginbottom, Executive Vice President, Eastern Air Lines,
J. E. Gallagher, President and Chief Executive Officer, New York Airways.
J. E. Knott, Plant Manager, Allison Division, General Motors Corporation.
J. M. Nissen, Manager, San Jose Municipal Airport.
H. F. Davis, Director, Institute of Transportation and Traffic Engineering,.

University of California.
G. B. Litchford, Consultant.
J. P. Mitchell, Vice President, Chase Manhattan Bank.
W. P. Lear, Sr., Chairman of the Board. Lear Motors Corporation.
J. E. Gorham. Vice President. SARC Inc.
S. Seltzer. Director, Air Traffic Cointrol Research, American Airlines.
W. L. Pereira, President, William L. Pereira & Associates.
R. E. Hage, Vice President, Engineering, Douglas Aircraft Company.
E. J. Swearingen, President, Swearingen Aircraft.

Mr. HEcHLE_. How often do they meet?
Secretary BFGos. Well, this has been the first meeting. We have been

somewhat slow in getting them organized. We hope to bring them up-
to date in the order of every 3 months or so. Of course, committee-
members and Dr. Stever in particular will be kept advised on a con-
tinuing basis as we proceed.
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Mr. HfccHnu It would be helpful if you just give us the member-
ship of the committee and what their general charter is.

Secretary Bomo Yes, sir.
Mr. H-•iaim. And what their future activities are likely to be. It

will be very helpful for us.
Seoretary Bzw& I will do thatL
Mr. HZCHLE. Any further questions?
(No response.)
Mr. Macrn If ot, thuak you very much, Mr. Beggs.
Seetary Brisa. Thank you, Mr. Chairman.
Mr. H•cH_.TsR. The committee stands adjourned until 10 a.m.

tomorrow-
Mr. Hnmu. Thursday.
Mr. W mDIzA Not until Thursday.
Mr. HacruL% Thursday at 10"a.m.
(Whereupon, at 11:50 a.m. the subcommittee adjourned, to recon-

vene at 10 a.m. on Thursday, December 4, 1969.)
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SrBCOMxxrTEE ON ADVANcED RzESARCH AND TECHNOLOGY,
-Waahington, D.C.

The subcommittee met pursuant to adjournment, at 10:03 a~m.,
in room 2325, Rayburn house Office Building, Hon. Ken Hechier
(chairman of the subcommittee) presiding.

Mr. HzCELEB The committee will be in order.
The hearings on aeronautical research and development will con-

tinue this morning with witnesses representing Aerospace Industries
Association.

We will hear first from Mr. Kendall Perkins, corporate vice presi-
dent, engineering and research, McDonnell Douglas Corp.

Good morning, Mr. Perkins.
Mr. PERKINS. Good morning.
Mr. HwCHIam. Do you have an opening statement you care to

present 2
(A biographical sketch of Mr. Kendall Perkins follows:)

KzNDAL PzRumws

Born: St. Louis, Mo., February 23,1908.
Parents: Robert Fulton Perkins, Florence Gleason Perkins.
Academic: Washington University. B.S. in Electrical Engineering, 1928. D.

Eng. (Hon.) Tri State College.
Married: Elizabeth Dorothy Maclvor, October 16,1984.
Children: John MacIvor Perkins, August 2, 193. Amy Doris Perkins Bethke,

June 11, 1938.
Professional Activity: 1928-1940--Curtiss-Robertson Airplane Mfg. Co. After

serving as a shop mechanic for six months was made foreman of the fuselage
department. Transferred to Engineering Department in 1930 as Project Engineer
handling engineering changes for a number of commercial airplanes including
Curtiss Robin, Thrush and Kingbird and a series of Travelair biplanes. In 1936
became Project Engineer on design and engineering development of the OW-20
twin-engine transport (commercial prototype of Air Force C-46 Commando).
This airplane saw cargo service throughout the world during the 1939-1945
war and Is still in use here and abroad.

1940-American Airlines, New York. Research Engineer. Consultant to the
Vice President of Engineering with relation to transport aircraft design re-
quirements and other airline engineering problema.

1941--Offlce of Production Management. (Predecessor of the War Production
Board), Washington, D.C. Head of Aircraft Scheduling Unit. Responsible for
scheduling aircraft deliveries from all U.S. manufacturers as allocated to U.S&
and allied users

1941 to date-McDonnell Douglas Corporation. Joined McDonnell in November
1941 as Project Engineer in advanced design. Later assigned to engineering
supervision on the XP-W twin-engine fighter, then in the early design stage. Made
Assistant Chief Engineer in October 1942.

(61)
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In January 1943, began work with the U.S. Navy in Washington on advanced
design studies leading to the XFD-1, the Navy's first jet airplane. It served as
the prototype for the FH-1 Phantom, the first complete airplane designed and
produced by McDonnell. The success of this program led to a series of other jet
fighters for the Navy and Air Force which represented most of the subsequent
business of the McDonnell company.

Mr. Perkins was named Asisataut to the Yice President for Engineering and
Contracts at McDonnell 1w September !4 flecame Manager of Engineering in
July 1949 and Engineering Vice President in April 1951 with functional respon-
sibility for engineering work on aircraft. spacecraft and missiles.

Notable aircraft engineering work carried out at McDonnell included develop-
ment of the F-2H Banabee. and F-4i Demon seres ot carrier based fighters
for the Navy, the F-101 Voodoo sertes fighters for three Commands of the Air
Force, and a series of versatile F-4 Phantom II attack and fighter aircraft begun
in 1954 and subsequently developed for the U.S. Navy, U.S. Air Force, Royal
Navy, Royal Air Foarce and ofters.

The Mercury spacecraft carrying the first American in orbit was initiated and
developed by McDonnell engineering, and the Gemini spacecraft carrying the first
two Americans in orbit was later designed and developed.

A. number of unmanned vehicles were initiated and developed at McDonnell, in-
cluding the GAM-72 Quail decoy, the Model 122B Alpha Draco hypersonic mis-
sile and the Asset hypersonic test vehicle.

Subsequent to the merger of McDonnell and Douglas in April 1967, Mr. Perkins
became Corporate Vice President, Engineering and Research of McDonnell
Douglas Corporation, which produces a wide variety of aerospace systems in-
cluding civil and military aircraft, spacecraft, missiles, and other products.

Home: 14 Kingsbury Place, St. Louis, Mo. 63111
Office: McDonnell Douglas Corporation, P.O. Box 516, St. Louis, Mo. 63166.
Memberships: Felo, American Institute of Aeronautics and Astronautics. As-

sociate Fellow, American Astronautical Society. Director, St. Louis Research
Council. Trustee, Washington University (St. Louis).

STATEBET OF KENDALL PFRKINS, OORPORATE VICE PRZ=IffT,
ElGINREEKNG AND RMARCH, McDONNELL DOUGLAS CORP.

Mr. Pmtxiw. Yes, I do.
Mr. Chairman and members of the subcommittee, we greatly ap-

preciate this ojpportunity to present the views of the aerospace in-
dustry regarding current and future R. & D. needed to keep the
United States competitive with the rest of the world in aviation, and
the role which NASA and the industry should play in providing such
R. &D.

I am speaking in behalf of the Aerospace Industries Association
which represents the principal U.S. manufacturers of aircraft, mis-
siles and spacecraft, and their components. The aerospace industry
is highly cornetive and individualistic so that unanimity with
respect to all of the questions at hand cannot be expected. We believe
the ideas we are presenting today, however, represent general con-
currence.

Mr. Rucm . This committee certainly doesn't expect to get any
kind of an overall official view that is agreed to by everyone. We
are particularly interested in what you have to present now. If you
have suggestions to make, we know you do not clear every one of them
in advance.

Mr. PERsnxs. We tried during the last few days to have enough
dialog among ourselves that we could reach at least general concurrence
on most of these subjects.

I will conlfie my remarka to Rt. & D. related to U.S. military and
commercial aircraft except for VTOL and V/STOL aircraft. I under-
stand these are to be covered by the following speaker.

I
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Previous testimony before your subcommittee by people of many
backgrounds and interests has brought out repeatedly the desirability
of increasing the rate at which aeronautical R. & D. is carried out.
These are value judgments and, while they are impossible to prove
in a quantitative sense, we fully concur. All new aircraft, military
and civil, spring from research, and this research is primarily the
product of cooperative effort of the public and the private sectors;
that is, NASA, and the aerospace industry. I plan to describe this
Government-industry relationship and the role of each, and to sug-
gest areas where greater emphasis is needed. In doing so, I hope to
convince you that two basic changes are required if we are to main-
tain leadership in aeronautics. First, NASA must have the necessary
personnel and facilities to conduct an accelerated program of ad-
vanced aeronautical research. Second, the aerospace industry must be
given more opportunities to develop and test actual hardware.

Before getting into detail, it might be helpful to discuss in a general
way some of the rationale for initiating development of new military
anid commercial aircraft. With respect to military aircraft, the prin-
cipal need is to see that U.S. aircraft are as good as or better than those
of potential foreign opponents. A new model of a particular military
type is only initiated when it becomes clear that it can provide an
appreciable improvement in effectiveness as compared with the cur-
rent model and when there is reason to expect that, without the new
model, the United States might be at a disadvantage.

Because of long time intervals inherent in aircraft development
this calls for a high degree of imaginative judgment and the ability
to act on such judgment. The importance of making the correct and
timely judgments is obvious and is accentuated by the shift from the
old "mobilization" concept to a "force-in-being" concept wherein
completely modern equipment must be maintained in our ready forces.

One of many factors in this judgment is assessment of the status
of the technology of a potential enemy as this may affect the proba-
bility of his initiating development of new models: Another is assess-
ment of the likelihood that the opposition will actually put new models
into service by the time we can deploy our own. The time interval
between a decision to develop and produce a new model military air-
craft and realization of full operational capability may be from 5 to
10 years. It would be easier if we could be sure of the aircraft char-
acteristics needed and the numbers required to assure future superior-
ity over all potential threats. Experience repeatedly tells us that we
can't look so far ahead unerringly. We have often had to proceed
on the assumption that if the United States is technically capable of
creating new aircraft appreciably superior to those now being used,
other major countries can do the same and are likely to do so.

As long as the United States holds a clear technological lead over
the opposition we can proceed under this assumption with reasonable
deliberation and with reasonable safety.

In recent years, however, there is increasing evidence that we do
not lead other countries as much as we once did. In some areas we
may not lead at all. This reduces our margin of safety. How far we let
this go is, of course, a matter of opinion.

Mr. HECHLEB. Excuse me, may I interrupt at this point? I won-
der if you will specify whether you feel this is due to our lack of
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aeronautical research, or simply a catching up in the technological
capability of other nations, or just exactly what factors do you ascribe
this to?

Mr. P=reixs. I will discuss this a little later. I might point out now
that my thesis here is it is a combination of a slowing own in aero-
nautical research, plus a slowing down in the rate at which hardware
is built and tested in this country.

Mr. HEcHLm. Yes. You may proceed.
Mr. Pzpxixs. One need look only at published photographs of for-

eign military aircraft which have flown in recent years to find that
some of them incorporate features more advanced than those of our
current production aircraft. Some of these features have yet to be
used in flight hardware in this country. The British Harrier VTOL
fighter and French Brequet 941 cross-shafted STOL transport have
no counterparts in the United States. The Russian MIG-23 Foxbat
fighter began setting unofficial world recrd for speed and altitude
in 1965. (Officially recognized by the F6dertion A~ronautique In-
ternationale in 1967.)

Faced with the necessity of matching requirements and the long
timespan for development, it seems obvious that more prototype starts
have the potential of uncovering needed research areas and providing
more options for full development as requirements become clearer.

This two-way interaction between aeronautical research on one
hand and development of flying hardware by industry on the other
begins with research such as we look to NASA for, such as concepts,
techniques, and data. On the basis of such datti ýntractors make design
studies to bring out what can be practically done to meet future mili-
tary requirements. The military services in turn have the difficult prob-
lem of matching expected neeAs with expected capabilities and, when
the timing and other factors seem right, initiating the development of a
new model and specifying its required characteristics. Competitors
for the development contract must then pitch in and do their best. to
meet these requirements without committing to do things they can't
be reasonably sure of doing. At this point they have often found in
recent years, that there are gaps in the backgroound data and the need
to fill these gaps is urgent. To the extent that they have the time and
the facilities they may undertake a crash research program themselves.
This situation could be improved by expanding the leading edge of
aeronautical research done by NASA.

Having each of several contractors doing some of his own research
during a competition is not as wasteful as it may sound because to some
extent each is proceeding along somewhat different paths and it is
not known until later which will prove best. When no one knows the
best answer, parallel competitive effort can be a virtue. Nevertheless,
there is some duplication which should not be necessary. It would be
more efficient and the results would be more reliable and comparable
if more of the background research were available from NASA earlier.

I might interject that in two recent important fighter competitions
the competing contractors all found themselves with a serious lack of
background data of the type that NASA traditionally provides.

Mr. HacrHLmR. Excuse me, Mr. Perkins, could you expand on the
observation you just made?

Mr. PtRmNs. Yes. As bidders on both F-14 and F-15 competition
in the last 2 years, we became vividly aware of the fact that, whereas
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10 to 15 years ago we could turn to a number of NASA report; which
would provide, for example, broadly based and systematically re-
ported airfoil and wing configuration dlata-design criteria with N-hich
we could configure our airp)lanes-in these competitions much of such
data was simply not available. Specifically, these airplanes re(luire
wings that are thinner than those reported in NASA data.

This is an area which NASA had not gotten into.
It is data we should have had on the shelf, and the people at

NASA recognized we should have had it on the shelf but didn't.
Mr. HwiF.aui. I, this particular case what is the timespan it would

take to develop such data? In other words, how long ago would they
have had to have started to come to the point where they would have
the data immediately available you needed in this instance?

Mr. P KivNxs. The timespans between initiation of test programs
by NASA and the time the data is used can vary all the way from a
minimum of 2 to 10 years or more.

Mr. HecaLER. In this particular case you don't have anything more
specific 

?
Mr. Pmni-s. I couldn't be more specific in this particular case.

These programs run over periods of years, and it is hard to predict
precisely when the data will be needed.

Mr. HTcIHLtER. I hesitate to interrupt with a further question be-
cause you may be answering this in the rest of your testimony, but
are you going to point out other areas where you feel NASA should
start now in order to develop the data needed ?

Mr. PEix Ns. I expect to wind up my statement with just that.
Mr. HECHLER. Fine. You may continue.
Mr. PFRU.INs. There is also a chicken-and-egg relation between re-

search and hardware development. There are a number of areas where
the need for research is only disclosed by attempts to build flying
hardware and by encountering the unforeseen problems which inev-
itably emerge during the course of developing, producing. and operat-
ing complex equipment in which the state of the art is being ad-
vanced. These problems have come to be called the unknown-unknowns
and are the greatest source of technical risk in the aerospace business.
They are also a major contributor to cost growth of air-raft develop-
ment programs.

The number of new aircraft models sponsored by DOD in recent
years has been reduced drastically as compared witlh previous periods
in the United States and as compared currently with the U.S.S.R.
This applies particularly to development test articles and experimental
prototype aircraft programs. The result has been that while most of
the foreseeable research requirements have been reasonably met
there has been a real lag in the rate at which unpredictable problems
have been brought to light and hence the rate at which research ap-
plied to such problems has been carried out. We feel that the only
solution for this is for DOD to sponsor more programs in which test-
ing of experimental hardware and research go hand in hand.

With respect to civil aircraft, the situation is different. New com-
mercial transports, for example, are initiated when the manufacturers
and airlines reach the conclusion that a new model will have sufficient
economic advantage over current mlodels, as a result of significant ad-
vances in performance, comfort and safety, to justify the high devel-
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opment and startup costs. The introduction of new transport models is
also influenced by such factors as market growth rate and size consid-
erations. However, the ability of U.S. transports to successfully com-
pete with foreign transports ini the world market depends to a large
degree on relative technical sophistication. The lead which the United
States once held over the rest of the world seems to have been retained
in the areas having little dependence on research, such as reliability and
maintainability, but in areas depending more on research, such as aero-
dynamic and structural sophistication, our lead seems to have
narrowed.

Chairman MuER. Just a minute. Mr. Chairman.
Mr. HECHLER. Mr. Chairman.
Chairman MnmL. Could you specifically point out cases where this

has taken place ? I am speaking now of commercial aircraft, and not
military aircraft, which are not in our ji-isdiction and which we are
not concerned with. Can you tell me in ich case now, what country
has taken over the lead?

Mr. PERniNs. I am not taking the position, Mr. Miller, that other
countries are ahead of us in transport aircraft, they are not.

Chairman MmLEu. That is what I thought.
Air. PIxxtxs. I believe the long lead which we once held is less long

than it once was.
Chairman MILELu This is natural.
Mr. PEmxws. I am specifically referring to France and the U.S.S.R.
Chairman Mum.LF. It is natural they are going to try to catch up.
They have the basis of knowledge we used in making these

developments.
Mr. PERKINs. Right.
Chairman MiLLEr. You can't hide this under a bushel, and they do

go ahead.
I remember attending a dinner in London about 4 years ago when the

British and tha French were whistling in the dark telling you how
good the Concorde was going to be and how they were going to return
to Europe the leadership in the field of aerodynamics where it be-
longed. They haven't gotten very far with it. I remember when the
first DC-8-63 went to the Paris air show, Eastern Air Lines was
chartered to take us over there. I was on an exhibit, alongside the
mock-up of the Concorde. You had to put people in one door, and
bring them out of the center door after viewing the DC-8. When I
wanted to go down and go through the Concorde I didn't have to wait
15 minutes.

All right, sir, I just wanted to make sure that I understood you.
Thank you, Mr. Chairman.

Mr. tlECHLER. O1 this point, Mr. Perkins, I understand the Aero-
space Industries Association has conducted a study examining world
aeronautical competition. Is this correct?

Mr. PEPtxns. Not to my knowledge, Mr. Chairman.
Mr. HECHLE% You may continue.
Mr. PE•mIs. Because of very high development and startup costs

of large commercial transports, manufacturers cannot afford to take
the risk of incorporating radical or untried features. On the other
hand, there has been demand for a long succession of airline transports
of larger size and greater performance. In contrast with military de-
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velopments, this has led to an evolutionary series of relatively con-
ventional aircraft for which demands for research have been reason-
ably foreseeable, with the possible exception of mach 3 supersonic
transports.

There is now a pressing demand for STOL transport. Airplanes to
meet this requirement must be somewhat less conventional. The risks
to the manufacturer are considerably greater than for more conven-
tional types in several respects. Flight characteristics cannot be as fully
known without first building full scale prototypes, or at least doing a
considerable amount of component testing, FAA requirements are as
yet undetermined, and traffic control and airport faciities are now in-
adequate. The management and fund roblems associated with these
unknowns will not be resolved easily. We urge that DOT and other
agencies give these problems high priority.

Many of the questions concerning flight characteristics of STOL
aircraft might be resolved if a similar vehicle were procured by DOD,
either in prototype form or as a production development program.
There would be value to both DOD and DOT in attempting to arrive
at STOL aircraft of similar requirements. If a prototype were de-
veloped, it should resolve many of the remaining questions about the
vehicle itself. This might serve as a basis for a military STOL produc-
tion program if a requirement then exists. If other critical traffic con-
trol and airport problems were resolved during the same time period
this might pave the way for a commercial STOL production program.

In recent years the aerospace industry has, for competitive reasons,
built its own research facilities insofar as it could financially support
them. There is a pressing need, however, for more precise means of
determining in advance and With greater accuracy what the full scale
characteristics of transport aircraft will be. NASA should evaluate
the problems associated with testing of this kind. It probably will in-
volve comprehensive test programs using expensive facilities. We be-
lieve U.S. leadership in transport aircraft can be retained, but that
there is need for more work by NASA in a number of areas.

The most severe future limitations on commercial aircraft utiliza-
tion in the United States have to do with operating problems--factors
such as traffic control, airport facilities, and noise. These were dis-
cussed at length in a report by the Aeronautics and Space Engineering
Board of the National Academy of Engineering, which I understand
has been submitted to your subcommittee. We concur with the recom-
mendations in that report. Presumably this subject will also be en-
larged upon by other speakers. I do want to emphasize, however,
that the aircraft industry is vitally concerned that solutions for these
problems be found since failure to resolve them can have profound
effects on limiting the growth of civil aviation.

Recognizing that the operating problems are especially difficult,
we feel there is urgent need for clear allocation of responsibilities
nationwide and that the organization with this responsibility must
have adequate resources and must manage its efforts in a thorough
and systematic way if it is to be successful. Procurement of complex
hardwa -, such as aircraft by the military services and of spacecraft
by NA t. has presented problems of hardware acquisition which,
over a period of years, they have organized for and learned how to
handle. Civil aircraft operating problems may be even more challeng-
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ing because of need for interaction with the public and many local
governments. There will also be related technical problems. We believe
NASA is the most logical agency to work on those for which it has
or can be given the appropriate resources. Industry can and should
be used to solve such problems through studies and R. & D. under
contract with the Government.

With specific regard to noise, our industry, working with NASA,
is engaged in reducing engine noise at its source, in treating the in-
stallation in such a way as to reduce noise produced by engines, and
in providing flying characteristics which permit climbing as promptly
as feasible to altitudes where noise is no longer unduly objectionable.
NASA has and can help further to improve techniques for doing these
things. We specifically urge the construction of the proposed noise
facility at Langley.

In general we believe NASA should (1) do aeronautical research
requiring facilities which individual members of the industry cannot
afford; (2) provide appropriate access to industry for use of facili-
ties on a noninterference basis; (3) do broad investigations of par-
ticular technical areas to provide uniform and consistent background
data from which industry can create optimum aircraft design char-
acteristics; and (4) conduct other research in the national interest.

Mr. HEcmmLa. Excuse me, what does "noninterference" mean?
Mr. Pmnms. I mean by that NASA has their own in-house test

programs, and industry has certain requirements for the use of those
same facilities and would like to come in and use them.

We believe it is proper for NASA to have control of the sched-
uling of their own facilities and let industry get in as long as it does
not unduly interfere with their own test programs. This has been
going on for a number of years, and seems to work out quite well.

Mr. HEEE. Thank you.
Mr. PERKINS. We would like to make particular reference to the

fact that the unitary wind tunnels created some years ago for use by
both NASA and the industry have been managed by NASA in the
national interest and have served their purpose well. NASA has also
made available certain o lier wind tunnels for use by industry follow-
ing the unitary pattern. Additional facilities of this kind will un-
doubtedly be necessary in the future and we feel they should be
managed and operated for both Government and industry use in a
similar manner.

Whereas a number of aerospace companies have one or more wind
tunnels of their own, there is a current and urgent need for reliable
data at high Reynolds number-a combination of factors such as
large model size. high speed, and high air density-and facilities for
testing of this kind appear to be too expensive for any one manufac-
turer to provide. Provision and operation of such facilities would, we
believe, significantly enhance NASA's research capability.

Chairman MILLER. Just a minute. Mr. Perkins, I am verv much
interested in some of your statements here. You want the Govern-
ment to assume all of these costs on the ground it is too expensive for
industry. If the Government assumes all of these costs, will the cost
of airplanes be so reflected in the ticket that I buy to go out to Cali-
fornia? Will it reflect what the Government has put into such devel-
opment? In business in this country we speak about free economy.
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But you want to lay the whole burden of developing airplanes and
building these facilities on the Government, don't you?

Mr. Pmirs. By no means. When the industry uses the NASA
and other unitary wind tunnels for example, it pays for them.

Chairman Muzm. Let's be very clear on that. It pays direct cost.
Mr. PEmas. It pays the direct cost.
Chairman MILLmR. But they don't pay any of the capital costs that

go into them, is that true ?
Mr. PmmKIs. This is at the option of the Government.
Chairman Maijuit. Wait a minute. You have not answered my ques-

tion. The capital costs are not written into it?
Mr. PERKINS. That is my understanding.
Chairman MILLER. I think your understanding is correct.
Mr. PERKINs. As to the other costs of developing airplanes, if you

are talking about commercial airplanes, other than this factor that
you mentioned, this is all borne by the man who buys a ticket on the
airline eventually.

Chairman Mu.Fm. Evenutally. I understand.
Mr. PminIxs. I also point out many of these facilities are needed

for the national defense, and are used as a byproduct for commercial
use.

Chairman MiLLum I understand the Air Force has some of the
biggest wind tunnels in the country.

Mr. PERKszS. Right.
Chairman MmLFm. They are for national defense. NASA's facilities

are used by DOD. Of course, •ASA was created to serve, also, the
military forces. There is no question of that.

Now we have taken the burden. I am for all this assistance, because
we have seen two modes of transportation that are rapidly declining,
rail transportation and water-borne transportation, perhaps because
the Government did not do enough research to assist those industries.
We can't let that happen to aviation. I don't like the idea of hearing
about all these needed expenditures and making your statement ap-
pear that a benevolent Government isn't doing anything for aeronau-
tics. I think it has done a great deal.

Mr. PERmuius. I think the ultimate purpose is to aid the Nation and
not to aid the industry.

Chairman MnuYjL Well, that is true too. Then if we want to follow
that to a conclusion, we can say as they do in Russia and other places,
if we are going to help the Nation, let's take this layer of management
we call private industry out from under us. Let's get this out.

Mr. PriRIxs. I think the experience of the United States in operat-
ing these things privately is more effective than operating them
p)ublicly.

Chairman MnLYR. I am not going to argue with you about that.
I am just saying you say we have got to do this. I say let's take this
out. I am one of the greatest admirers of McDonnell-Douglas, I know
Mr. McDonnell and Mr. Douglas, I have worked very closely with
them. I am also very conscious of some very fine facilities they have
that were built by the Government, built bv NASA as a matter of
fact, which they continue to use. I don't think the Government has
been so harsh, or NASA has been so harsh in the treatment of the
aviation industry.
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I wonder if the industry hasn't become a little soft, in wanting to
lean on Government for all of those facilities and find an excuse by
saying the crutch the Government isn't doing a*nyhing for them.

Mr. PRmNS. I would like to point out, Mr. Miller, that the indus-
try, if it had a greater financial burden to carry than it now does in
developing new transport aircraft, would find it absolutely impossible.

Chairman MILLER. I think you are right, and I want to say unless
we perhaps make some radical changes someplace, the cost of the tax-
payers of supporting Government is becoming almost impossible. Let
any of you get up and deny this.

Mr. Pkm~is. The magnitude of the funding required for these
]arge, new transport airplanes is reaching a point where it is becom-
ing a major question as to whether the largest companies in the country
can handle it.

Chairman Mmnum. I don't think there is any question about it. The
U.S. Lines, for years, operated the Queen of the ocean. They recently
had to lay her up. They are not building any more because they can't
stand the burden of it. Yet, we don't help them materially.

Mr. PEzmus. So it is a question of whether the Nation as a whole
wants to do this kind of thing

Chairman Mumz. Some ofit, and it is getting harder and harder to
get money. See what is taking place this morning when a committee
knocked $5 billion out of DOD's budget, I think we would be very
foolish to say NASA can withstand the thrust placed upon it. And our
budget may be going down. I don't see any chance of very many new
facilities.

Let's go on. We are in an argument that is not material.
Mr. ThEcm.LR Mr. Perkins.
Mr. Pzim s. Reference is often made to "proof of concept" pro-

grams and "1development test vehicles." We believe these can be of
gremt value in bridging the gap between ideas which are shown to be
theoretically possible and ones which are proved to be practical enough
to incorporate in expensive aircraft development programs. The cir-
cumstances surrounding the need for and value of such programs
vary considerably. Sometimes it is more appropriate that they be
initiated and funded by NASA and sometimes it is better that they
be initiated and funded by one of the military services with NASA's
help. Industry does considerable "proof of concept" work under con-
tract and can also help in identifying areas of greatest need. We feel
that installation of the Whitcomb supercritical wing on a fighter air-
craft to prove its characteristics in realistic three-dimensional form is
a good example of a valuable "proof of concept" program.

Where a very expensive development test aircraft may be involved
(for example, a reentry vehicle or a hypersonic aircra'ft), adequate
advanced research by NASA can go a long way to assuring a success-
ful and fruitful program. There may be need for additional test
aircraft of this kind. For example, as part of the future space pro-
gram NASA plans to introduce reusable launch vehicles and reus-
able orbiting reentry vehicles. Since these must maneuver in the at-
mosphere, land safely at predetermined places on earth, and be re-
usable repeatedly with little or no refurbishment, they necessarily take
on many of the requirements and characteristi, i n airplane. In
fact, it may be found that from a technical stan it may be more

.1
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difficult to meet the airplane-like requirements than the space-craft-
like requirements. We can therefore foresee that such vehicles will be
replete with both known-unknown and unknown-unknown problems.
It would seem prudent under these circumstances that NASA make a
particularly concerted effort to anticipate technical problems and
carr out R. & D. required for their solution and, in addition, to ser-
iously consider the need for prototype hardware which will bring out
in the laboratory and in economical flight form as many as possible of
the technical problems of the type which cannot be foreseen. Some-
thing like the X-15 hypersonic test vehicle might be a step in this
direction. The cost should be small compared with the cost of the full-
scale reentry vehicle planned.

Earlier testimony before your subcommittee indicates NASA is be-
ing approached by other Government agencies for more and more re-
search unrelated or only indirectly related to its primary roles in aero-
nautics and space. We feel that NASA does have technical capabilities
for a wide variety of such research but should not be expected to
support a large amount of it unless its funds are appropriately in-
creased for the purpose and additional facilities are provided as
necessary.

This raises the often-discussed issue of whether NASA should accept
funds from other agencies for such purposes. Most of us in industry
feel that NASA has been productive under the method of funding
used. We feel that NASA, as the Agency responsible for carrying out
the research, must be able to realistically plan ahead for acquisition
and use of facilities. Also, from a technical standpoint, NASA is often
in a better position than the requesting agency to judge the most
probable value of results to be expected from various research pro-
posals, and hence the priority they deserve. Willingness of another
agency to provide funds is no assurance that a proposed research pro-
gram will be worth undertaking. We therefore recommend that the
present method of r" mding be retained.

It may be hel *t- c h describe further R. & D. done by the aerospace
industry in relat w aeronautical research by NASA. Over the years
an unusually effective working relationship has been forged between
the aerospace industry and NASA, in which each can do what it is best
equipped to do. In general NASA carries out broadly extensive and
systematic investigations which provide a data base and can be useful
for any of a wide variety of aerospace products. In general, industrial
firms cannot afford such broad investigations and focus on particular
product objectives within their capabilities. In addition to research of
this kind, the aerospace industry d a eat deal of related technical
work such as concepts and proposals for new products, preliminary
design studies and analyses, trade-offs involving evaluation of the risks
and benefits of alternate designs, detail design and integration, labora-
tory and flight testing and many others. These activities require large
and capable technical staffs and facilities. Nevertheless, the aerospace
industry believes it essential that the broader and more fundamental
investigations should be carried out by NASA and that the results of
these investigations should be available as starting points in making
design studies and developing optimum designs to meet specific objec-
tives for military and civil aircraft.
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The aerospace industry does far more research and development than
most industries because of the unique and highly technical nature of
its business and the fact that its technologies are expanding so rapidly.

Mr. IHczcHLm Excuse me, Mr. Perkins. Did anybody ever try toquantiy that by percentagesI
Mr. P bs. I have seen charts showing that, but I am not certain

of their validity.
Mr. Pmmxims. Such work is generally classified either as independent

research and development (IRAD) or contract research and develop-
ment (CRAD).

IRAD is that research and development which contractors must do
on their own initiative to remain u p-to-date and technically competi-
tive in this fast-moving industry. Any aerospace company which did
not devote considerable effort and resources to IRAD would soon find
itself hopelessly behind the times technically. We consider such work
vital to the future of our individual companies and to the ability of the
United States to compete with that of other nations in aeronautics. We
urge the continued recognition by Congress of the importance of
IRAD.

CRAD contracts are usually relatively small. Development of major
systems are not included in tfiis category. Contracts for R. & D. are let
by many agencies of the Government on the basis that the contractor
selected can carry, out the work more efficiently than anyone else be-
cause of related experience, availability of special facilities, availa-
bility of personnel with special capabilities, or for other reasons. The
use of CRAD) has grown considerably in recent years. We believe this
is largely because experience has shown this to be a most effective way
to accomplish much of this kind of work.

With respect to long-range research needs, except for those few
requirements which result from unanticipatible technological break-
throughs, most long-range needs will evolve from extensions of exist-
ing research programs. Continued coordination between NASA and
industry carried out through the NASA advisory committee structure
has resulted in identification of a significant b~acklog of unfulfilled
research requirements. Much of this work has been delayed because of
funding limitations. One example is need for systematic data on the
aerodynamic characteristics of airfoils of less than 6-percent thickness.

Where new large facilities will be needed and require a long time to
put into operation, NASA must plan far ahead. An example might be
a large wind tunnel for high Reynolds number testing. Of course all
of the more fundamental research is predicated on long-term goals. A
possible example of such research might be the investigation of the
fundamental nature of burning to learn what it takes to make fuel
burn better.

We have prepared several charts (figs. 1 through 3) listing typical
priority research we believe to be needed to keep the United States
competitive in aeronautics.

Exhibit A has also been prepared as reference information to ex-
plain many of these in more detail.

I have simply three charts of this kind, and I want to point out two
significant words-"typical" which signifies that this is by no means a
complete comprehensive list, and "priority," in that these are things
that are not necessarily arranged in a priority order as shown, but
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we have listed only those things which we do consider priority areas.
We have indicated most of these apply to military aviation, to trans-
port aviation, and to general aviation.

Now, I don't want to bore you with going into detail on each of
these items, but exhibit A gives a discusson of each of the line items
shown.

Mr. HmcHm=. Where does collision avoidance come in?
Mr. Pmtwms. Collision avoidance is something that we believe is

primarily the concern of DOT within the Federal Government and, as
such, is not primarily an issue between industry and NASA, and so we
have not listed it.

Mr. HEcHi•m That is rather unfortunate. We consider that to be a
rather important area.

Mr. PtiaKris. We did have a chart that I left out in yesterday's
review of this presentation, which did show operating problems. We
decided to confine ourselves to things relating more directly to NASA
and industry.

"Mr. HEcmELE. I certainly hope you consider safety being one of your
very prime considerations.

Wr. Ptiuuivs. We certainly do.
If the airspace of the future is to accommodate the expected increase

in the number of flight operations, a transition to area navigation will
be essential. Area navigation permits the total airspace to be used for
flight operations instead of the relatively narrow corridors that air-
craft now fly. Clearly, area navigation shows great promise both in
increasing flight safety and in expanding the capacity of the airways.

Chairman MIEfR. Mr. Chairman, isn't that really *DOT's problem?
We are not in the operating business. It is up to them, isn't it. It is up
to us to be concerned with the research on any facilities, the factors that
would enter into it. But when it comes to operations, the proficiency of
operation, let DOT take care of that.

Mr. IIECHLER. This reminds me of my conversations with the manu-
facturers of coal-mining machinery, who all say. we are not manufac-
turing lifesaving equipment, we are manufacturing production
equipment.

Chairman MiLxR. Well, that is true. Frankly, I don't see the paral-
lel between them, Mr. Hechler. Under the law the Department of
Transportation regulates the flying of airplanes and things that go
into them.

NASA is concerned with systems that can be developed to take care
of these things, but we are not going to encroach on DOT until these
people do it.

PINr. HEc LR. You may proceed, Mr. Perkins.
Mr. PgRmNs. The first chart, figure 1, relates to aerodynamic prob-

lems, the second, figure 2, propulsion problems, which you can see here.
The third chart, figure 3, we might put up is the structures and ma-
terials area.

There are a lot of other areas, but these three, in general, and the
items listed under them, are among those that we consider typical
higher priority areas.

Mr. cimHLEpi. These charts are all submitted for the record, is that
correct#

(The charts referred to follow:)
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TYPICAL PRIORITY RESEARCH NEEDED TO KEEP THE U.S. COMPETITIVE

Required tor

Military Trasaport Genseral
aviation aviatioon aveiaton

A. AERODYNAMICS

1. Systematic dab a n wings.' bedi and Intearctions-----_------- X X X
2.Fva fwpint intalle"6dataIncmludingaand ezhand toapraomisns x X X x
3.HTasigbmicpeans ------- ..................................... X X

.ulec1 , STOL alattrm -------------------------- X X
7.Testdateaet ih gRaylds numbers ------------------------------ X X
8. Spinfacoveii tryel -------------------------------------------- X X X

L. PROPULSION
L11146 tipsapuedtean ad premors ------------------------------ X X X
z. Nlgheamperaturea------------------------------------------x x X x
S. Imprves! smbrials and processm-------------------------------- X X X

ALNleeucin-------------- ----- x X xL Imprved WW 80141h1itbU-lt X X XAdvancedUWS rerafte inter----------------------------- X X X

C. STRUCTUJRES AND MATERIALS

1. HIgh strength compostes using various fibers and matrices-------------- X X
2L High strength and Zihweight metal alloys---------------------------X X X
I. High temperature materials ------------------------------------- X X
4. High temperature adhesives and seelants --------------------------- X X
5. CorrosIon protection-------------------------------------------X X X
L. Airplane fatigue --------------------------------------------- X X
7. Advanced materiel applications----------------------------------- X x
8. Lending gears----------------------------------------------- X X X
9. Nondestructive testing-----------------------------------------X X X

Mr. PNjuxns. Yes. including the text, Exhibit A.
I might read, at this point, the introduction to Exhibit A which de-

scribes these:
Examples of advanced research activities in aeronautics in which more work

Is required are enumnerated herein. As such, this list is Intended to be typical
but not all inclusive, nor does It necessarily comprise a balanced judgment of
relative requirements. Some of this is research that is clearly in NASA's
area of special competence and responsibility. Some of it is better done in
industry laboratories.

The formulation, review, and continued coordination between NASA and in-
dustry, carried out through NASA's advisory committee structure, has iden-
tilled a backlog of unfulfilled research requirements, much of which has been
delayed due to funding limitations. Most, If not all, of the Items discussed in
this exhibit have already been the topic of many deliberations of the NASA
advisory committees.

1n presenting this list, It is hoped that your Subcommittee will get a picture
of the breadth of the unfulfilled research requirements demanding national
attention. I would like to to repeat that NASA knows of most of these re-
quirements and has not fulfilled them because of current budgetary restric-
tions. We recommend that the NASA programs continue to be formally struc-
tured through the NASA advisory committees.

There are many other problem areas in the aeronautical field notably those
in aircraft operations such as aircraft control and collision avoidance. There
are even more having to do with the airport and its relation to the community.
The DOT is attempting to define national programs dealing with these prob-
lems and we suggest that NASA has the facilities and talent to make substantial
contributions once the national programs have been defined.

A. AXEODYWAXIOS

I. fsateimaff daftt onh ~~g, bodief.td a" eradonsa
Industry needs much systematic data In order to make complete systems ana-

yeses! and design trade-offs to optimize these aircraft for their intended use. Key
technology areas where NASA should work, or Increase Its effort on an accel-
erated scale, are:



75

a. Airfoil Section Date,
There has been very little airfoil section data obtained since the work done on

laminar flow airfoils in the early 194R's, and none on airfoils thinner than 6%.
We need systematlc research on thin airfoil sections with various leading and
trailing edge devices at both low speeds and high subsonie speeds up to and be-
yond the stall. This data Is needed as a prelude to understanding the shock
boundary layer Interactions at hlgh subsonic speeds and high angles of attack on
three-dimensional wing It is also needed to obtain higher lift coetffclents on
thin, highly loaded wings so that lower and, hence, safer approach and landin
speeds may be achieved. We need to discover airfoil section modlflctions to
reduce the drag at high lift coefficients and high subsonic Mach numbers such as
Whitcomb's supercritical section.

b. Coosygureiou. G" let eractione
A variety of systematic data are required on characteristics of bodies and

other aerodynamic shapes and influence of individual elements on each other in
such areas an:

1. High supersonic and hypersonie configurations.
2. Hypersonic flow interaction effects.
3. Flow field prediction techniques.

2. Power plant installation data, 4scWlu#ing s and ec4asat oon*wwios
The growth of aviation has been paced to a considerable measure by the de-

velopment of power plants with adequate performance and reliability.
High on our list of critical technologies affecting military and commercial air-

craft design are those involving the integration of the propulsion system into
the aircraft, notably:

a. Inlet Research
Work needs to be done on other than axisymmetric Inlets. We need to develop

inlets that are a component part of a complete airplane. These inlets should
be able to operate at subsonic and supersonic speeds up to at least M=4, with
high recovery and low drag, and a uminimumn of complexity in the form of mov-
ing parts. Such inlets should also have low distortion throughout the speed range
when operated at high angles of attack and yaw. In this regard we need addi-
tional research on the phenomenon of the rotating compressor stall, particularly
on fan engines. We need to be able to define the engine's tolerance to static and
dynamic distortion with considerably more accuracy than we do now. We also
need to know quantitatively the effect of thermal distortion, and gun and rocket
gas ingestion on the engine's tolerance to stall In order to optimize the aero-
dynamic design of our aircraft.

b. Jet Exit Research
One of the largest sources of drag on supersonic Jet aircraft is the jet exit.

The adjustable nozzle required for afterburning and the wide jet pressure ratio
variation canses excessive drag at off design conditions such as subsonic cruise
and loiter. In addition, the external interference effects of twin and multiple
jet installations, horizontal and vertical tail surfaces, and forebody flow charac-
teristics combine with the internal jet efficiency which is affected by such things
as nozzle spacing, and diameter ratios, secondary air, expansion ratios to form
a matrix of variables which cannot be solved with the present jet exit data
available to the designer. We need additional research on promising new nozzle
designs such as the two-dimensional plug or wedge nozzle.

3. Tran.onic phenomena
Advanced airfoil concepts, such as the supercritical wing, as well as consider-

ations of sonic boom avoidance have recently focused attention on configuration
development problems for Mach numbers slightly above and below 1.0 (roughly
.95-L20). The major problems in this speed range appear to be those of overall
configuration integration and, In particular, the integration of the propulsion
package into the total configuration. Specific areas for study recommended for
inclusion in the complete program are:

Limitations and accuracy of far-field analysis methods to obtain drag at
low supersonic Mach numbers;

Fuselage engine installations, Including effects of boundary layer inges-
tion ;

Axisymmetric engine nacelle shapes for low shock drag;
Engine jet exhaust simulation effects;
High lift systems for advanced airfoil shapes.
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We feet that NASA should give consideration to increasing substantially its
total testing capability for transonic wind tunnel work, which underlies all mili-
tary and commercial transport aviation.

4. High~ Hft devices Por STOL aircraft
Although the aerodynamic principles of Jet flap wings are now well estab-

lished aid, in the short terms, it should be possible to make useful estimates of
lift, pitching moment, etc. of STOL aircraft wings of moderate aspect ratio,
sweep and Jet deflection of Internal blown systems, experimental data on specific
configurations still heve to be relied on for establishing the effects of external
blowing (i.e., 'external blown let flaps). The lack of suitable analytical methods
and the failure to date to successfully correlate the lift augmentation due to
external blowing is due, in part, to a lack of experimental data of a general and
systematic nature. These data are required to permit the formulation of an
analytical/empirical approach that would make it possible to estimate the effects
of geometry (e.g., engine location and wing planform) on jet impingement and
in turn the resulting turning and spreading of the jet efflux. It is therefore
recommended that further experimental and theoretical research directed
toward this end be undertaken on external blown jet flaps.

5. Ground proxinmity effects with STOL aircraft
The flow behavior due to ground proximity with jet flap wings of finite aspect

ratio has proved substantially different from that observed in early small scale
two-dimensional tests. Only simple mathematical representation of ground
proximity for two-dimensional jet flap airfoils have so far been formulated.
There is yet no -realistic theoretical treatment for jet flap wings with the jet
path In close proximity to the ground. STOL operation within ground effect is
essentially a transient phase, so the application of "stationary" model results
and "quasi-steady" analytical methods need further justification by dynamic
model tests and flight tunnel comparisons. It is recommended that an experi-
mental program be initiated to explore the possible limitations in the use of
"stationary" model results.

6. Correlation of wind tunnel and flight test data
NASA has initiated and has made a progress report (AIAA Meeting, July

14-16, 1969, Los Angeles, California) upon a series of investigations to determine
the extent to which the wind tunnel results of the major government and com-
mercial wind tunnels in the U.S. agree. While this is a highly commendable
effort it goes without saying that wind tunnel data correlations are but the first
step toward the ultimate goal of obtaining accurate full-scale flight character-
istics from extrapolated wind tunnel results. This goal requires a continuing
program to correlate flight test results as they become available with predictions
made using extrapolations of wind tunnel data. NASA has already participated
in the wind tunnel evaluation of such aircraft as the C-5A and the F-15 and
It iN strongly urged that NASA continue its participation in those programs
through the flight test phase and the correlation of the results obtained with the
wind tunnel data. It Is further suggested that this general program of data
correlation be extended to Include other existing aircraft, such perhaps as the
C-441 and possibly commercial jet transports (contingent upon the manufac-
turer's willingness to release his flight test information.)

These correlations need to be detailed studies which Isolate the various basic
components of the flight drag, i.e., zero-lift, drag due to lift, trim drag and
compressibility drag, and relate them to wind tunnel data, exploring the test
conditions and techniques used to determine the wind tunnel values. A realistic
assessment needs to be made of whether or not the various tunnels used can
properly account for wall effects, etc., and If not, what portions of the drag can
be used with any degree of confidence. For example, the aerodynamic efficiency
factor "e" Is a strong function of tunnel porosity. Is the compressibility drag
affected by porosity? Since the wind tunnel cannot be used to estimate the
"roughness" drag of the full-scale airplane, such a study would be extremely
useful In determining the actual roughness factors associated with standard
manufacturing techniques.

It is recommended that detailed testing be conducted under a joint NASA
industry program, using a jet transport aircraft as A reference, to more clearly
define the relationship between low speed-high lift drag characteristics as meas-
ured In flight and in a wind tunneL In particular, the high Reynolds Number
tunnel test should utilize a balance designed for high sensitivity to drag; further,
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a detailed model support system interference tare program should be conducted.
TMe flight program should consist of tests to obtain drag data in level flight
wUh all engines operating. It is felt that the correlations from the results of this
program can greatly enhance the utility of high Reynolds Number wind tunnels
In the determination of low speed drag.
7. TesS data at AVA ReynoM8 numbers

The demand for greater accuracy In predicting performance and maneuver-
ability of aircraft in landing, takeoff, and flight conditions has increased the need
for full scale Reynolds Number simulation as mentioned above. The NASA
U1-foot transonic tunnel and 12-foot low speed pressure tunnel at the Ames
Research Center, both constructed some years ago, are the most advanced facili-
ties available today for such testing. Neither of these, however, can provide
full-scale Reynolds Number data on military and civilian designs now on the
drawing boards. We need to accurately study the interaction of boundary layers
and shock waves in transonic flows, where the flow is marginally at the stability
limit, and feel that this is being seriously hampered at present.

The construction of two new high Reynolds number wind tunnels or other
means to accomplish the same results is therefore a matter of high priority
uationally. The decision of how big and how expensive these facilities should be
must be weighed in the balance of sound economy as well as dynamic competitive
motivation to obtain a greater national capability In this important field of
aerodynamics.

8. Spin recovery criteria
While many may think that everything has been done that needs to be done

relative to spin recovery, it would be our suggestion that this area be reopened.
Many aircraft accidents today are the result of stall spins. To the best of our
knowledge from our criteria, airplanes which violate present criteria have
good spin recovery. Contrarywise, some which meet today's criteria do not have
acceptable spin recovery. The effects of ventral fins and horizontal stabilizer
strakes should be investigated.

5. PROPULS1O:1
In the following paragraphs we will give you an overall summary of what we

foresee as the developmental opportunities in aeropropulsion. Before proceeding,
we would liko to druw for you a u-d-nction between the portions of this program
which can be pursued most pridiictively in our federal laboratories and those
which (,in be pursued most eifrc• ;ely in the engine industry.

Over tile years. NASA ha,, na•de great contributions to all branches of aero-
nau•tcal engineering in the development of overall theory and the accumulation
of data banks of generally applicable experimental information. Industry, on

other hand, has traditionally concentrated on the reduction to practice of
t,,trati •aal systems.

For example, the design of advanced high pressure ratio, high .Machl number
compressors of the type needed in the future will require new theoretical and
experimental information on the characteristics of blading operating under such
conditions. Data of this type is of gcncral applicability and can be used over and
over in numerous design and developmental efforts. The accumulation of such
information is most profitably done on a national basis in federal laboratories.
On the other hand, problems which are specialized to the particular engine sys-
tem are best solved, on the job, by the engine system manufacturer.

As a statement of policy, we therefore urge that in addressing the general re-
quirements outlined in the following testimony the federal laboratories con-
centrate on the evolution of generally applicable theory and associated generally
applicable experimental information while the engine industry concentrate on
the problems which tend to be peculiar to the development of operational systems.

The dominant trends in propulsion system technology requiring research and
"proof of concept" development are outlined below for implementation within
the context of the roles of NASA and industry discussed above.
1. High tip speed fans and compressors

a. Advanced research is needed for fan tip speeds to increase for subsonic and
near sonic Mach number aircraft use and for mixed mission supersonic use.

b. Compressor tip speeds also need to increase.
c. Stall margin and distortion compatibility need to be improved. New

analytical design techniques and new blade shapes need to be developed to
maintain high efficiency.

38-68Sl-70-----6
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2. Higher temperaturea
a. The next major technology effort in turbine inlet temperatures should be

directed toward higher temperatures. The focus should be on advanced, long-life,
air-cooled turbines and combustors.

b. Advancements in high-temperature technology decrease fuel consumption In
all types of engines. The ultimate will be stoichiometric turbine temperatures.
Exploratory work in this regime must be started in this time period.

3. Improved materiaa and proos..,e
a. A revolution is taking place in composite materials: the high strength, high

stiffness filaments like boron and graphite in a suitable matrix of epoxy,
polyimide or aluminum. Vigorous development of thin technology in fan blades,
and engine static structural components is essential-and later, for high-tempera-
ture component.

b. Significant progress is possible in higher strength superalloys and their
application to tuibine blades, compressor and turbine rotors. Much of this
progress will come from new processing development such as powder metal-
lary, activated diffusion bonding, inertia welding, and directional solidification
In ,astings

c. Lower c , longer life, more reliable, lighter weight engines depend greatly
upon technology Improvement in this field.

4. No4ae reduotios
This will be covered separately in the Aerospace Industry Association testi-

mony on 10 December 1969.
5. Improved enngie-propubeion sVstem-aircraft integration

Propulsion system technology is on no plateau. The spectacular advancements
of the last decade can be matched in the coming decade if advanced aeronautical
research and development obtains the required recognition and support. Coordi-
nated effort is required by the engine manufacturers and the aircraft manu-
facturers assisted by NASA in areas such as the following:

a. In the subsonic aircraft field, for example, we must press forward with
short, more compact advanced turbofans adaptable to low drag nacelle designs;
we must determine the best STOL transport turbofan Installation design; we
must establish a lightweight STOL reverser system capable of operation down to
10 knots; we must develop advanced controls and sensors.

b. In the mixed mission supersonic aircraft field, for example, we need
further intensive work on inlet engine compatability-a challenge to the engine
designer and airplane designer alike. Also, great progress is still possible in the
design and marriage of advanced jet nozzles with the aircraft afterbody for
reduced closure drags and reduced interference drags.

c. Turbine inlet temperature sensors are needed for gas turbine eugines.
Our emphasis on the foregoing priority technology areas in the next five years

does not mean that we advocate neglect of other areas necessary for balanced
progress. Important work is needed on electronic controls, advanced accessories,
fuels and lube, fracture mechanics, computation techniques, bearings and seals-
to name a few. Furthermore, specialized work on advanced fuels, hypersonic
flight, VTOL lift fans and others must proceed.

6. Advanced turbojet/fan fechnology
The following are typical of specific advanced engines intended for service in

the time period between 1976 and 1980, engines which should be the focal point
for advanced technology by NASA. The development of the engines, per se, would
not, in our opinion, be a NASA responsibility.

a. Advanced subsonic high bypass turbofan engines are required for use as the
main propulsion engines of turbofan-powered military and commercial STOL
transports, V/STOL transports, and also CTOL transports.

High speed fan and compressor technology, advanced nickel superalloys and
composite materials, advanced noise reduction technology and advancements in
engine-aircraft integration are required to produce such a versatile STOL,
V/STOL, and CTOL propulsion engine.

b. Advanced small engines with advanced materials and high-speed turbo-
machinery should be taken through proof-of-concept testing for militiry applica-
tions, with possible extension to general aviation.

c. Proof-of-concept work on an advanced large lift fan and Its closely integrated
gas generator, with technology more advanced than current developments, will
be essential to military and commercial V/STOL transports entering service in
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the near-1980 time period and useful to STOL tiansports if the lift fan STOL
approach is followed. Composite materiels, high-speed turbomachinery, advanced
noise reduction features, and advanced engine-aircraft integration features
are all essential to achieve reliable, long cyclic life designs.

C. STRUCTURES AND MATERIALS

In this technology, much research has been done in the aerospace industry
and materials industries, supported where appropriate by contracts from military
departments. It is fair to say that NASA's role in structures and materials has
not been the dominant one. Nevertheless, NASA has made noteworthy contribu-
tions to this technology and we feel that NASA's efforts should continue on a
selective basis.
1. High strength composites using various fibers and ",trimes

The use of high modulus high strength material such as boron and graphite In
advanced research and technology will provide large payoff in future aircraft of
all types. We urge continued emphasis on research of structural designs which
take full advantage of these materials properties.
2. High strength and lightweight metal aUoys

Better lightweight alloys and more effective use of titanium may well be
accelerated by renewed efforts by the basic metals industry in conjunction
with NASA. R&D efforts leading to a deeper understanding of mechanisms of
fatigue, corrosion and cracking should yield improved utilization of advanced
materials.
3. High temperature material-

High strength to we~ght ratio materials that can be used at the high tem-
perature occurring in jet engines and on the surface of supersonic and hyper-
sonic aircraft are urgently needed.

Great strides have been m~ade using composite materials of organic resins
and aluminum matrices reinforced with filaments of L 'ron, silicon carbon, beryl-
lium and graphite. The reinforcing materials are excellent at very high tempera-
tures but the matrix in which they are imbedded is not.

Continued advanced materials development effort is needed to remedy th"
deficiencies still existing in the matrix at high temperatures. The end result
is expected to be a practical fabrication technique for high temperatur carbon/
graphite composites.

4t. High temperature adhesives and sealants
New polymer developments are providing the basis of research in the field

of adhesives and sealants. Titanium alloys with composite substrates are useful
for the very high temperature regions of supersonic aircraft. The bonding of
alloy to substrate is a major problem being addressed by current R&D. The
approach is through the development of thermally stable polyimide adhesives.

Sealants for fuel tanks located in the high temperature regions of aircraft
wings is another major problem. The sealant must be thermally stable and in
addition it must be chemically compatible with hydrocarbon fuels at high tem-
perature. Continued research on thermally stable, chemically compatible resins
is needed and will lend to the develop ... nt of satisfactory high temperature tank
semlants.
5. Corrosion protection

Development of a highly resistant corro'ion protection system for aluminum
alloys which does not have a deleterious effect on the fatigue properties of the
material remains an important area for joint effort by NASA, the military, and
industry.

6. Airplane fatigue
While it is known that NASA is currently working on a VN/VHN program,

it is suggested that some effort be expended to try to establish for worldwide use,
spectrums of gust exposure which would pro't le design criteria for use on air-
craft as it relates to fatigue life.

7. Advanced material applications
The development of new materials with major improvements in mechanical

properties and lower cost will probably require government funding because of
the limited market for aircraft materials producers.
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Structural weight can be reduced through accelerated government/industry
development of advanced materials applications. This will require a govern-
ment/industry program to build prototype components of new materials to
demonstrate their practicality. Much of this work in the past has been done by
industry under military sponsorship. A saimlar relationship between industry
and NASA would enhance the effectiveness of its structural research program.

8. Landing gears
a. Rough terrain landing gear system-programmable shock strut, high flota-

tion tires and wheels, load alleviating devices, sensor and logic systems all re-
quire attention.

b. Advanced nonconventional braking methods-air or fluid pump or turbine
systems-deserve investigation.

c. Improved stopping systems are needed for small aircraft-anti-skid, thrust
reversers, etc.
9. Nondestructive testing

Research is required to adapt the techniques of physics anad electronics to
the nondestructive testing of aircraft structures for field inspection and manu-
facturing inspection. The development of composite structures using various
chemical adhesives is being paced to a considerable extent by the development of
these new techniques to assure the fidelity of chemical bonds without destroy-
ing the part being checked.

The list of potential programs which we have suggested does not in
any way imply a massive expansion in the NASA total budget. At
present the budget for aeronautical research is so small, as a percent
of the total, that even a major incrense would only have a modest
dollar impact, perhaps 2 percent or less of total NASA budget. Since
it is such a small percent it is vulnerable to loss in overall administra-
tive cuts and therefore it needs not only to be expanded. but carefully
protected once establisbhd.

Mr. HTi-TLFrR. Amen.
Mr. PFThRK•iS. May I quickly summarize by repeatin! several pri-

mary points. TE V fuiture position of the Vnited States ia relation to
the rest of the world in militarv amd civil aviation depend. on aero-
na utir:,1 res•earci 1)v NA S.A and the aew'ospace industry. To retain a
satisfactory competitive position in thef future, it is esential that
NASA have the penzoanel and facilities to carry out an accelerated pro-
grain of advanced aeronautical research. For the same reason it is es-
sential that the aerospace industry be given more opportunities to
develop and test actual hardware.

Thank you, Mr. Chairman, this concludes my statement.
Mr. IIrI imEy. IMr. Perkins, we appreciate very much this, very il-

luminatinz statement which you made, which opens up many areas of
additional discussion.

At the last meeting of the subcommittee we had a very heavy un-
balanwed line over here to the left, and we were outnumbered on my
partyvs side by three to one. This morning we are very pleased to b'e

honored not only by the chairman of the full committee, but by the
gentleman from MVissouri, Mr. Symington, who has long taken an ictive
interest in aeronautics. I would like to recognize the gentleman from
Missouri for any comments or questions he cares to make or pose.

Mr. Srxi.-Tox. Thank you very nmuch, Mr. Chairman. I really am
here, Mr. Perkins, on sufferance, rather than as a member of this sub-
committee. I am on another subcommittee which is currently meeting
and listening to Mr. Staats of the General Accounting Office, and
should perhaps return eventually. But I wanted very much to come
and welcome you here, at least as a member of the whole committee,
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and as a Representative of your area and your own good self, and to
say how proud I am as a M'issourian, and as a St. Louis Countian, to
have a gentleman of your caliber and standing and background appear
before this committee and give a statement of this significance.

I am certainly interested in the aeronautical aspects of NASA's
work, as I am sure we all are on this committee, and want to say to
you how grateful I am to you for taking the time to prepare a state-
inent of this character and present it to this subcommittee.

I will say again how grateful I am to the chairman of the subcom-
mittee and the chairman of the whole committee for letting me listen
in.

I do, Mr. Chairman, have to get back, I think, to my other subcom-
mittee, because the line is considerably unbalanced there at the moment.
With that I will excuse myself.

Mr. PERKINS. Thank you.
Mr. HECIHLER. Thank you, Mr. Symington.
Chairman 'MILLER. I would like to make a statement before Mr.

Symington goes. California owes a great debt to Missouri and St.
Louis County, to a man by the name of Benton who represented this
area in the Senate of the United States and was responsible for, as
much as any other man, perhaps, for the development of the West.
We in the West although we are very generous, we are very happy
to return to St. Louis County and to stimulate it with its great aero-
space company that is now associated with McDonnell.

Mr. ST•InGTON. Thank you very much, Mr. Chairman.
Mr. HECHLE.m Mr. Goldwater, do you have some questions?
Mr. GOLDWATER. I might ask one question, Mr. 'Chairman, of Mr.

Perkins.
In your statement, you mentioned there was a need for organization

on a national scale to meet aeronautical research and development. I
am wondering how you envision this structure should be organized,
and where should the area of leadership fall? What agency should do
the leading and the managing, the long-range managing, or set
policies?

Mr. PERKINS. Are you referring to civil transportation problems,
civil aeronautics problems?

Mr. GOLDWATER. Well, in your statement you mentioned that there
was a need for something based on a national level.

Mr. PERiNs. I referred there to the future problems of air trans-
portation, specifically civil air transportation: Collision avoidance,
traffic control, airport facilities, noise, air pollution, and so forth.
Problems like this are of national scope and we see no hope of their
being readily solved without more national action than has been taken.
I don't think we, from the standpoint of the aerospace industry, feel
that we should tell the Government which agency of the Government
should take this responsibility.

Mr. GOLDWATm. Of course, you have to work within things as
muddled as they might be. It seems there is a tremendous overlapping
of interest. Or even of responsibilities. I think this has probably been
a problem that has been around for some time. We can only look at
it from our side, but perhaps having someone that has to work with
the complications that are involved, how might an organization be set
up to better coordinate it?
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Mr. Pr•KIwrs. As I understand it, and I am not personally intimately
familiar with some of the aspects of this, but as.I understand it DOT
was established with this as one of its major objectives, to take oln the
overall management in this area. We know of no reason why that isn't
a logical approach. We have addressed ourselves primarily to the rela-
tion between DOT and NASA in technical areas and between our in-
dustry, and either one of them, in technical areas.

We feel the overall management seems properly placed in DOT,
but that NASA can be of great help in this connection on technical
problems.

Mr. GOLDWATER. In other words, NSA should be subservient to
DOT?

Mr. Pm•mI~s. That is an awfully broad way of putting it, but I think
in regard to certain technical investigations that is what I am saying,
yes.

Chairman MruL R. Would you yield, Mr. Goldwater ?
Mr. GoLDwATma. Yes, sir.
Chairman Mitsm. Under the usual way we operate the Government,

wouldn't DOT have to request NASA to do some of these things?
Mr. PERMSs. Yes.
Chairman Mnum. When we talk of DOT, it is really FAA within

DOT, that you are concerned with. In the past all those people who
have been down there, have they been the type of people amenable to
doing anything for themselves, or would they rather go ahead and do
it on their own, or be asked ? You know who I am talking about. He is
a great person, a very good friend of mine, for whom I have great re-
spect. We can get these things worked out. Money is one of the factors.
It is very easy to say now we are going to be working with a very tight
budget.

Mr. PERKIS. We in industry feel there are a lot of cooks in this
situation, and we would rather not complicate the problem by injecting
too much of ourselves into it, except where we can be helpful.

Chairman MmuwR. This is going to be your problem. This is where
you are going to make money, or hope to make money.

Mr. PmERns. We are extremely interested in having the answers.
Chairman MILLER. At the same time, we recognize it. You are going

to say, "Congress, you do it, you give us the money to do it." But you
don't want to get snared if the thing doesn't go too well by coming out
and actually helping. I think you do, but you don't express it very
well. The peopleI know in your industry, I think are sympathetic.

May I ask you offhand have you ever read Mr. Servan-Schieber's
book?

Mr. Pxmws. No, I haven't. Do you recommend that I do?
Chairman Mfmim. I don't think you are so concerned with American

industry in Europe, but he has one chapter in it on the Concorde that
I would recommend that you read.

Mr. PERKirs. I will do so.
Chairman MILLmi. I might cite the gist of it. England and France,

in their effort to try and overcome the lead, almost bled themselves
white, if you were in these places when they were asking for $185 mil-
lion from England, and $185 million from France. Then he said, what
have they done I They built it out of the wrong kind of metal. It can't
go more than mach 2 or it will burn itself up. What do you build
DC-8's out of, is it aluminum?
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Mfr. PERKINS. Aluminum primarily.
Chairman MILLER. Do you use a lot of titanium and steel?
Mr. Pm•Kms. Some.
Chairman Mnxxg. It can stand more than mach 2?
Mr. PERI•NS. You are referring to the SST.
Chairman MiLLw. Oh, yes. He said within 4 to 5 years the Concorde

will be a second-class airplane. This is European technology at the
present time.

Mr. PERKINs. Do you want me to comment? I would rather not.
Chairman MxLzR. I don't want you to comment. I shouldn't criticize

European technology.
Mr. P•n•ms. One of our extremely capable competitors is inti-

mately involved.
Chairman M-iuzL I know they are extremely great competitors.

The ones I think we have to consider is that they have not done very
much in this field, but what we have to consider eventually is Japan.

Mr. PRK•I•S. They are not to be underrated.
Chairman Mi&m. At no stage of the game. They have some lab-

oratories that are now working and I visited them.
Mr. PFxKxxs. Yes, I have a great admiration for the ability of the

Japaneshairmnan MnLmL I am through. Thank you, Mr. Goldwater.

Mr. GOLDWATER. I have no further questions.
Mr. Hlzc•m. I was particularly interested, Mr. Perkins, in what

you were saying on page 12 about independent research and develop-
ment. I wondered if you would expand on what the importance of
independent research and development is, both to the industry and
to the Nation, and perhaps talk about what this will mean to the
future.

Mr. PERKms. I would be very happy to. This is a subject that we
consider of vital importance to both the industry and the Nation.
It is the point at which many new ideas start. It is the single activity,
from a technological standpoint which is the most vital to the sur-
vival of the company involved, and we consider it an absolute neces-
sity in doing business in the same way that we consider it a necessity
to keep accounting records, or to have proper manufacturing facilities.

There has been quite a bit of discussion about IRAD recently. Some
of the discussion has been based on a fundamental misunderstanding
of how the costs are allocated. It has been assumed in some quarters
that a company which does both Government work and private com-
tatical work charges all of its independent research and development
to ovearhead which is all charred to Government work. This is
definitely not true. IRAD is equitably allocated between commerical
and military vork through accounting policies and practices which
are approved by the Government. Further, the Government, in order
to establish additional incentives for control of IRAD by the con-
tractor, requires contractor sharing of the portion of IRAD which
is allocated to Government contracts. This sharing of the Government's
allocation is accomplished by negotiation each year between the con-
tractor and a DOD "Tri-Service Board." NASA is also involved in
these negotiations. In addition, the Government has a capable team
of technical people review the work done by each company in IRAD
from several standpoints.
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In the case of my own company, for example, currently approxi-
mately 50 percent of the cost of such work is borne by the company
either through allocation to commercial programs or thirough sharing
of the Government's allocation under the Tri-Service Board agreement.

The part which is charged to the Government is recognized by the
technical review teams they send out to review these things as being
the kind of work the Government believes worthwhile. Much of this
work is of a creative nature that if it were not paid for somewhere it
would not be done, and if it were not done, new ideas would not spring
out. These ideas are the starting points of many of our weapons sys-
tems. Not all the ideas for new weapons are, by any means, created
within the Government. Many of them come from industry. This is
where it comes from.Mr. HFwHomu Mr. Perkins, I think you are touching on a very im-
portant subject. In looking at the clock, I note our time is starting to
run short. I wondered if there was anything more on this subject that
you could submit for the record?

Mr. PERKIxS. We would be glad to.
Mr. HECinmR. Once again, I want to express the appreciation of the

committee for your very useful remarks here this morning.
If there are no questions from members of the committee we will

proceed with the second witness this morning, Mr. Mark E. Kirchner,
manager, V/STOL Transport Branch of the Boeing Co.'s VERTOL
Division, also speaking for the Aerospace Industries Association of
America.

(Additional information submitted for the record:)

INDEnPENDENT Rsn.AucH AND DnvELoPMENT

Independent Research and Development (IRAD) effort, as discussed herein, is
that portion of R. & D. undertaken by DOD and NASA contractors which is
conducted in addition to that required In the specific performance of contracts or
grants. IRAD effort has traditionally been viewed as in the national interest
because:

1. The independent judgment of scientists and engineers in industry as well as
those in government should be beneficially utilized In the determination of the
nature and level of technical effort to be expended. Government cannot, nor does
it presume It can, conceive all the ideas worth pursuing and therefore it does not
endeavor to act as sole judge of the potential of all new concepts. The alternative
to Independent direction of IRAD would be all-pervasive government planning
and control, which would constrain valuable sources of new ideas.

2. IRAD is undertaken by a company on its own initiative, applying its best
business judgment, to update and develop technological capability that will
effectively meet anticipated needs of the government and other customers for
advanced products. Without the new concepts and knowledge which stem from
IRAD, the government would have diffculty finding contractors capable of meet-
ing technical requirements for advanced programs.

3. IRAD assures having technology adequately at hand to permit both govern-
ment and Industry to contract for advanced new programs without excessive risks
due to technical "unknowns".

4. Our free enterprise system requires competition of Ideas. Parallel IRAD
effort by more than one contractor is fundamental to effective competition. Only
by exploring optional approaches to a problem can the best solution be found.

5. Independent selection of the level and type of IRAD provides flexibility to
exploit promising concepts quickly or as quickly to curtail technical efforts which
are not achieving their objectives.

6. If the aerospace Industry or any other Industry Is to remain viable, the price
that customers pay for its products must include the cost of keeping current the
ability to innovate and compete effectively. IRAD provides this ability in technical
areas and is as logical a part of Indirect cost as maintenance, administration,
depreciation, and insurance.
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7. The cost of a contractor's IRAD is allocated to commercial and government
work in accordance with accounting policies and practices approved by the gov-
ernmenz, and cost-sharing agreements between the contractor and government
stipulated by the Armed Services Procurement Regulations. As a result, the
contractor's commercial business bears its full share of IRAD cost and, in addi-
tion, the contractor generally shares part of the IRAD cost allocated to govern-
ment business.

8. Government agreements as stipulated by the ASPR provide ceilings on the
amounts chargeable to the government The level of IRAD is further constrained
by the contractor's need for economy to meet price competition.

In simplest but significant terms, IRAD Is a major source of new technology
arising from the competitive environment in American industry and the wide-
spread technical competence available in individual companies. Commercial and
military products which evolve from IRAD have been and will in the future be
a primary factor in enabling the United States to maintain its position relative
to foreign competition. In addition to government controls, competition and cor-
porate economics effectively constrain the level of IRAD expenditure and oper-
ate to insure its effectiveness.

(Biographical sketch of Mr. Mark E. Kirchner follows:)

MARK E. KimcHNm

Mr. Mark R. Kirchner became Manager of Boeing-Vertol's V/STOL Transport
Branch in September 1969. In that capacity he plans and directs several Vertol
V/STOL new business activities.

Born November 23, 1928, In Hampton, Virginia, Mr. Kirchner received his
education at the Massachusetts Institute of Technology from 1945 through
1949, receiving both B.S. and M.S. degrees in Aeronautical Engineering from that
institution.

Mr. Kirchner joined the Boeing Company in 1949 as an aerodynamicist on the
B-47 program. Between that time until 1960 he contributed to many of the
Boeing military aircraft production and new business programs with emphasis
in the aerodynamics and flight control technologies.

In 1960 Mr. Kirchner became Chief of the Aerodynamics Staff at Boeing's
Commercial Airplane Division and, between 1960 and 1964, contributed to the
development of the 727 aircraft, the SST, as well as the growth versions of the
707 and 720 transport series.

In 1964 he was transferred to the Vertol Division, located near PhiladelphIa4 as
that division's Director of Technology. He then served as Director of Advanced
Helicopter Development prior to his present assignment in the V/STOL Transport
Branch.

Mr. Kirchner is an Associate Fellow of the A.I.A.A., the Mid-East Vice-
President of the American Helicopter Society, member of the Society of Auto-
motive Engineers, and has been active on committees on those societies.

Mr. Kirchner is a licensed commercial pilot, having ratings in fixed wing air-
craft, helicopters, and gliders. He also has an instrument rating and ectively uses
his personal aircraft in his business travels.

Mr. and Mrs. Kirchner are the parents of three children.

STATEUM OF NARK E. KIROHIEI, MANAGER, V/STOL TRANS-
PORT BRANCH, VERTOL DIVISION, THE BOEING CO.

Mr. RECHLER. Good morning, Mr. Kirchner.
Mr. KmCHNER. Good morning, Mr. Chairman. I am certainly hon-

ored in being asked to appear before this committee. I have been asked
by the Aerospace Industries Association to present to your committee
representative views of the aircraft industry on recommendations con-
cerning what NASA should do in the V/8TOL field, with emphasis
on civil --iation.

The total spectrum of V/STOL: In general, my remarks will en-
compass the entire spectrum of helicopters, STOL's and V/STOL's.
Helicopters have been refined to a relatively high degree during the
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last 20-year period and are familiar to us all. Important derivatives of
helicopters, such as the winged helicopter and the compound helicopter,
are presently in the developmental stage.

STOL aircraft can generally be typified as belonging to one of three
categories: first, very low wing loading fixed-wing aircraft; second,
winged aircraft with vertical lift augmentation that depend on for-
ward speed for control; third, aircraft with vertical life augmentation
that have controls which are independent of forward speed. That is,
they have V/STOL-type controls, although they aren't V/STOL air-
craft themselves. Although there are STUL types operating that de-
pend on low-wing loading, STOL's which depend on lift augmentation
and those with V-type controls are in the same undeveloped status as
V/STOL's in general. With regard to (nonhelicopter) V/STOL's,
many different types have been proposed, built and flown, but none of
the U.S. developments are committed for production, either military
or commercial.

Why are no U.S. V/STOL's planned for production? Over the past
15 years this country has had in the order of 20 V/STOL programs
for a total cost of several hundred million dollars, and the question
is often asked: Why don't we have a product in production? I have
two observations with respect to this question which I would like to
discuss briefly.

1. The proliferation of configurations.
2. The research rather than prototype nature of the aircraft built.
Let us consider first the proliferation of configurations.
We have studied and built-

Several types using rotors:
Several types using propellers; and
Several types using turbofans and jets.

The debate about which type is best has been vigorous and long
and has not resulted in firm conclusions at the national level. The de-
bates have been the subjects of numerous meetings, papers, and studies,
and have caused frustration to regulatory agencies, Congress, and
potential users.

So many configurations have survived so much study because there
is no "best" confignration for all considered missions and becau%e in
many cases, the differences between configurations are small. The logi-
cal selection of an optimum configuration and the simultaneous re-
quirement to define and develop the res of the total system have re-
sulted in a virtual deadlock of V/STOL developmental progress in
the United States-another example of a chicken and the egg situation.

The second observation deals with the nature of the V/STOL pro-
grams which have been conducted to date. Most, if not all of them,
have been research aircraft and were not prototypes for production
and were not configured to be competitive with other transport
systems.

There are many reasons why these aircraft were not competitive:
lack of the optimum powerpla'nts, no program objective to achieve a
competitive pavload, low funding level, insufficie'nt technical home-
work prior to aircraft manufacture.

In summary, we have a paradox: as recent systems studies have
shown, there is on one hand increasing pressure to develop short haul
V/STOL air transport systems to solve an increasing need. On the
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other hand there is frustration over the apparent aimlessness of our
V/STOL progr-am and the absence of -iv emerging operational
vehicle.

What is the place of V/STOL in civil aviation? I am certain that
we are aware of the ever-increasing difficulties that are being encoun-
tered in traveling, especially for relatively short distances. Surface
congestion is frequently bumper to bumper-and for the short distance
air traveler, the trip to and from the airport in many cases is more
time consuming than the flight itself.

Fifty-five percent of the total intercity business travel is under 200
miles. I might say we have emphasized business travel here, because we
think it is most applicable to this type of transportation. If you in-
cluded personal travel, the percentage would be much higher.

Of this, fixed wing scheduled airline penetration is less than 3 per-
cent. However, an airline system that could compete effectively with
the automobile and train would find a very lucrative market.

Mr. Hrcmys. Everybody says the train has been over-competed with
so much now, I wonder why we even bother to mention it.

Mr. KnRCHiL. Well, it is a viable system in the short-haul market
and should be considered in the framework in which we are discussing
V/STOL transportation, very definitely.

If a V/STOL airline system were sufficiently attractive to capture
10 percent of the business 0-200-mile market, the resulting demand,
1, would be 21/½ times the revenue passenger miles generated by the
local airlines in 1969, and 2, would require about 275 100-passenger
vehicles, a significant statistic.

The Federal Government since 1964 has spent $1.5 million in studies
that examined 15 different V/STOL, STOL and VTOL configurations
for the short haul market. Three studies were sponsored by NASA,
three by the FAA, one by the Department of Commerce, and one by
the Presidential Science Advisory Committee. Although each study
had its own unique objectives, such as "northeast corridor," a "national
short haul system," et cetera, the general results common to most of
them were as follows:

One, it was shown by these studies that efficient STOL's, V/STQL's
and VTOL's operating from VTOL or STOL sites could compete
economically in the proper total system environment with other trans-
portation systems in the short haul market and offered economic and
time savings advantages to the users.

Two, the size of the short haul traffic is large and therefore a small
shift of this ground traffic to air would be large by air traffic standards.

Three, in addition there are three major environmental problems in
establishing a viable short haul air transport system: Noise, air traffic
control, and terminal and support facilities.

All of this results in a major quandary. The traffic appears to be
available, but the size of the vehicle to be economically viable ap.
proaches 100 passengers and therefore represents a major develop-
mental cost. Finally, the traffic, ground facility, and community ac-
ceptance problems are so complex that any airframe development alone
is doomed to economic failure unless these problems are simultaneously
solved.

Mr. HECHLER. Excuse me. I would think community acceptance
would be more difficult with your larger aircraft.
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Mr. KntCHNFR The community acceptance problem is difficult be-
cause the benefit of a V/STOL transportation system necessarily places
the terminal facilities close to the communities, and therefore you
get into all of the problems associated with a local community.

Mr. HFxHLxR. What I was trying to drive at is that most commu-
nities would rather have a V/STOL facility than a large jet facility
at their doorstep, wouldn't theyI

Mr. KiRcHxm They are different communities. The communities
near Kennedy have already expressed objections to the interference
to their daily lives by the Kennedy-type facility. If V/STOL facili-
ties were provided they would obviously be spread out and be at new
locations, and you would have new community problems associated
with them.

Mr. Hiocm-r.u. It is a matter of degree, though.
Mr. KmcmmuL It is a matter of degree. It is a very serious problem,

though. Take New York City alone, Manhattan Island. There was a
Pan American Building operation, and it had community problems,
from the question of safety, the question of noise, and so on.

Now, of course, we are going to address those problems more,
and we hope we are working successfully on them. But they are prob-
lems, and they are associated with the community acceptance.

There are considerations of building a STOL port on Manhattan
Island and at other locations. There are other vertiports pro posed
for Manhattan also. Eachposes individual community problems. Oscar
Bakke of the FAA considers this the main stumbling block of the
whole V/STOL development.

And for that reason he is expending a good deal of his energies on
that. I may be quoting him incorrectly, but I hope not. He feels that,
unless we can identify in the next 8 years real estate which can be
dedicated toward air traffic corridors and be associated with them,
it will be too late. It might be impossible to do so thereafter, because
of the increasing commitments for other purposes of certain land
dock space, and other space that might be used for this purpose.

Mr. HEcmz. That is a very pertinent observation.
Mr. KmcHwER. Let's observe how we stand relative to Europe. Let's

summarize recent European progress to help add perspective to this
question.

Progress in the United Kingdom on VTOL has followed a consistent
line of development-mainly toward jet lift. The Hawker-Siddeley
Harrier is the only production V/STOL aircraft in the Western
World. It is now in service with the Royal Air Force and is being
evaluated by the U.S. Marine Corps. This aircraft is a development of
the Hawker-Siddeley P-1127 whicti first flew in 1960.

The British Ministry of Technology is at present considering final
proposals in an industry competition for research and development
funding on civil VTOL projects. A Ministry decision is expected to
be made in December 1969, and involves a flawker-Siddelev 16 lift-
engine transport, a British Aircraft Corp. STOL design, and West-
land tilt-wing and tilt-rotor concepts.

It is interesting to note two facts here: First, the British have in-
tensively studied and promoted the use of lift engines, and secured
collaborative agreements with the French and Germans: this R. & D.
investment may influence the British choice of concept. Second, the
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British Ministry of Technology evidently considers that short-haul
V/STOL air transport will be competitive with an already well-
developed surface transport system.

West Germany, in an attempt to leapfrog to a position of competi-
tive strength, has decided to concentrate most of their aeronautical
research and development in one area-V/STOL. Two VTOL de-
signs have been built and flown; these are the EWR VJ-101 jet-lift
fighter and the Dornier 31 jet-lift transport. Another VTOL fighter
type, the VAK-191B, is due to fly in the next few months.

The present center of West German commercial V/STOL interest
is the joint Luftwaffe/Lufthansa Study, controlled by the German
Defense Ministry, for a V/STOL short haul, transport sized to carry
100 passengers. This is very similar to the British study. Submissions
have been made as follows:

VFW VC-400/500 tandem tilt wing.
VFW VC-180 let-lift transport.
VFW VC-181 jet-lift transport.
MBB Boelkow 140 tilt wing.
HFB HFB-600 jet-lift transport.
Dornier DO-231 jet-lift transport.
Gross weights of these projects are all in the 100,000- to 120,000-

pound category. That is the gross weight of the machine.
The French developed the Breguet 941 deflected slipstream STOL

transport aircraft. McDonnell-Douglas is the U.S. licensee and opera-
tional experiments have been conducted by Eastern and American
Airlines.

Apart from the De Havilland of Canada series of low-wing-loading
STOL aircraft, the main Canadian V/STOL effort has been conducted
by Canadair with the CL-84 tilt-wing aircraft. Two years of flight
testing a prototype between 1965 and 1967 led to an order for three
more CL-84's for evaluation by the Canadian armed forces. These
three aircraft are due to fly in 1970.

There are no active V/STOL developments in this country compara-
ble to those outlined above in either the commercial or military areas.
This country has no program comparable to Germany or England to
identify a specific V/STOL for configuration production prototype
development.

The requirements for a system approach: Last year, Dr. Stever,
Chairman, Aeronautical and Space Engineering Board, National
Academy of Engineering, presented to this committee a report as a
result of a year's study entitled "Civil Aviation Research and Develop-
ment: An Assessment of Federal Government Involvement." He stated
that their most important recommendation was that the Federal Gov-
ernment take a stronger role in R. & D. for civil aviation. We concur
with this as a major recommendation and believe that his recommenda-
tion which covered all civil aviation is particularly applicable, and
even more important, to V/STOL's and STOL's.

I would like to discuss Dr. Stever's recommendations in the follow-
ing three areas:

1. Total system requirements and analysis;
2. Vehicle development;
3. Technology R. & D.

Total system requirements: With regard to total system require-
ments and analysis, Dr. Stever's study recommended that the newly
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established Department of Transportation was the natural agency to
coordinate the Federal Government's effort to define the needs and
make the recommendations for a national program.

His report stated that-
Goals should be formulated with reference to the nation's total transportation

system, taking account of the increasing public demand for air transportation as
well as the various economical factors that bear on civil aviation. Although an
In-house Government capability should be developed and maintained by DOT in
transportation systems anaslyis, it is strongly recommended that industry and
other private institutions participate in carrying out these studies.

We are very pleased that this recommendation has been implemented
with the establishment of the joint DOT-NASA civil aviation R. &
D. policy study whose executive director is Lawrence P. Greene. The
objective is to define total system requirements, aviation requirements,
and R. & D. policy recommendations by the end of 1970.

Vehicle development: In the case of the V/STOL and STOL fields
there are many configuration options so that the process of selecting
the correct ones to optimize for production is a formidable task. As in-
dicated earlier, Germany and England recognize this problem and
have programs to select a single configuration for the development of
prototype vehicles and related technology.

In order to focus technology research and vehicle development in
this complex V/STOL field, it is recommended that NASA continue to
contribute to the system studies being directed by DOT with respect
to the technological aspects. The airlines in their role as ultimate user
must be active participants in developing the system requirements in-
cluding vehicle technical requirements.

The adherents of various concepts should participate in the studies
to insure that the good decisions are reached. Funded industry par-
ticipation with sufficient depth will allow technical consistency and
provide substantiation in areas such as structures, weights, propul-
sions, control, et cetera. The results from these studies will be valuable
in highlighting the technological research areas that need emphasis.

Mr. HFIHnmL. Excuse me, Mr. Kirchner. A brief interjection here.
The comments you are making with respect to STOL and V/STOL
could well apply to other areas across the board, could they not, sir ?

Mr. Kmc• •. Yes, to some extent. We do believe they are partic-
ularly important to V/STOL and STOL, because of the requirement
to develop the total system simultaneously with vehicle development.

In other words, with fixed-wing aircraft and our conventional air-
craft system, we do have an existing system. The manufacturer can
go out and develop a new aircraft on his own, and know that the sys-
tem exists ready to receive that aircraft. So it is the quality of the
aircraft that is going to determine whether it can be useful or not. Not
so with STOL or V/STOL, because if you develop a V/STOL or
STOL aircraft independently without the rest of the system being
developed it can't compete in the present environment. The environ-
ment for a competitive system doesn't exist.

The conventional aircrafts are better on our conventional airports
and conventional airways systems.

Mr. HECHLFm Thank you.
Mr. KMCHNZRE. Technology R. & D. The traditional leading role of

the NASA in aeronautical research should be reestablished. Facili-
ties required for this research need major improvement and are dis-
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cussed in a following section. An appendix attached to this testimony
details the compilation of industry recommendations for technology
research of importance to the V/STOL field. Next I would like to cover
highlights excerpted from that compilation.

Research and development highlights. I woi1d like to interject a
statement here relative to the discussion that took place with Mr.
Perkins. That has to do with some of the research areas that we do
not discuss in our compilation.

They involve the development of the electronic support equipment
for collision avoidance, air traffic control, operational problems and so
on, as pertinent to the previous discussion.

We support research in these areas. We support NASA's Electronic
Research Center and the contributions it is making to these areas. The
reason we left them out was that we are aware that the FAA and
NASA are trying to work out their relative roles in these areas and,
as Mr. Perkins said, we do not want to appear to have an ax to grind
with respect to which of the two agencies is prime.

We do support the development of that research. We don't want to
appear not to. But we do not know, and frankly do not care, who in
the Government manages it.

Mr. I-IoHLFR. Just so long as it is managed.
Mr. KmmNoma. So long as it is managed. So we beg for a decision,

and we will cooperate with that decision.
Mr. HECHLER. I appreciate your clarifying that. That is very helpful.
Mr. KIRCHNER Likewise, you will see in my testimony that I do not

make specific references to electronic support equipment and opera-
tional problems, other than specifically those areas where we do believe
it is clear that NASA is prime.

As you will see, many of the separate discipline or technology items
mentioned by Mr. Perkins in his testimony are of great importance for
the V/STOL field also. Additional areas of unique importance to the
V/STOL field can also be identified. While some of these areas are
applicable to all types of V/STOL, others are strongly related to
specific configurations, further emphasizing the need for focusing our
activities to prevent dilution of technical research. Among the areas
applicable to all types of V/STOL, the following are of primary
importance.

1. Terminal area operation8.-The pay-off of V/STOL aircraft is
critically dependent on avoiding the terminal area congestion experi-
enced by conventional fixed-wing aircraft. Advantage must be taken
of the low-speed, steep-angle capabilities of these aircraft to develop a
terminal area operating system providing rapid landing, turnaroui,
and takeoff.

NASA should work on improving the technical characteristics of
aircraft for terminal area operations.

2. Material&.-Advanced materials, particularly composites, are
rapidly coming into use for special applications. Structural design
concepts which are matched to these materials need to be developed to
reap maximum benefits. This is especially true for rotors and propel-
lers where the cascading effect is such that for a given mission, each
pound of weight saved cun reduce the vehicle gross weight by as much
as 6 pounds.

3. Flying qualitie and j1i%ýt controls.-Civil flying qualities spec-
ifications are the responsibility of FAA. NASA should contribute to
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the technical development of the V/STOL specifications by appropri-' ate analysis, simulation, and flight research. Research on fly-by-wire

systems specifically adapted for V/STOL's is important.
4. Advced propulMon 8yst•ew.--.Special efforts should be pur-

sued to raise the allowable turbine inlet temperatures permitting a
reduction in engine weight and in fuel consumption. Advanced mate-
rials are reuied to permit these temperature increases.

In the folowing areas the work required is critically dependent on

the conf ration selected.

Noise reduction is required for rotors, propellers, and engines, yet
improved vehicle performance seems to promote designs which pro-
duce high noise levels. We need noise research in all areas, but we must
not neglect the special problems of rotor, propeller, or jet-drivenV/STOL configurations.

AERODYNAMICS

Interference effects between wings and bodies and the powered lift-
ing system (rotors, propellers or jets) are especially important for
V/STOL aircraft. These effects need to be carefully studied in the
wind tunnel and analytically. Ground proximity effects are also im-
portant. These effects include downwash, reingestion, recirculation, and
"suck down" effects, and critical areas for research vary substantially
between rotor, propeller and jet-driven configurations.

FLUTTER AND DYNAMIC STABILITY

The configuration of many V/STOL designs makes them particu-
larly susceptible to various combined rotor-airframe dynamic flutter
phenomena. Efficient and reliable means to predict and control these
phenomena must be developed and verified by test.

ANTICIPATED FACILITIES EQUIREMENTS

V/STOL technical research presents problems which demand cer-
tain specialized facilities which are not necessary for conventional air-
craft. In wind tunnel testing the large masses and high velocities of
airflow used to generate powered augmented lift can disturb the tunnel
flow and reflect from tunnel walls.

This suggests that much more work needs to be done in tunnel test-
ing techniques to obtain good data in conventional wind tunnels and
that special purpose test facilities must be created. Moreover, the
ground effects resulting from the impingement of the slipstream on
the ground presents problems on all V/STOL configurations which
require far more investigation.

Large wind tunnels with good low-speed characteristics and equipped
to simulate low-speed operation, particularly near the ground, and to
simulate the effect of gusts, are urgently needed for the quickest and
most effective development of all V/STOL configurations.

Flying qualities of V/STOL's, especially at low speeds, and steep
flight paths are vital to the critical terminal operations. Most con-
figurations offer opportunities for developing both stability and con-
trol characteristics which can be optimized to minimize pilot tasks and
maximize aircraft safety in these low-speed regimes.
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quires good simulation. Specifically, large amplitude moving base simu-
hltor facilities are required which would satisfy the total spectrum
of V/STOL flight from hover to cruise.

Noise will be a controlling factor in the operational usage of
V/STOL's in the downtown areas where the characteristics can pro-
vide a maximum commercial benefit. Modern acoustical research and
measurement laboratory facilities including an acoustical wind tunnel
need to be provided.

NASA could make a major contribution to the rapid and effective
development of V/STOL aircraft by providing these facilitie.

I would like to interject another comment here if I might. We dis-
cussed in Mr. Perkin's testimony the question as to whether the Gov-
ernment should provide, for the benefit of industry, facilities--re-
search facilities.

And I think the answer to that involves a matter of degree. It is a
relative thing.

I would like to point out that I am just an expert in the Boeing
operation, but Boeing is only one of the many companies we are repre-
senting here, and Noeing aZone has built its own $8 million V/STOL
wind tunnel facility and it is full with our own research.

Now, not to stay NASA hasn't done so, too. They have built a wind
tunnel similar to ours. I might say quickly others in industry have
done the same thing-Lockheed has a tunnel similar to ours, and I am
sure there are other companies that have other advanced facilities for
V/STOL. Also, NASA has done the same thing.

But their tunnel, to support the whole country, is no more sophisti-
cated than ours. One might mention the vertical wind tunnel that
NASA has built. It is not really a vertical wind tunnel. It is a hover
chamber, in which you can test rotors and other smiliar devices.

I would like to refer to the level of money spent on V/STOL re-
search. I know that NASA's numbers are somewhat argumentative;
because of bookkeeping problems, it is hard to figure out what is
clearly applicable to V/STOL. You will see that we quote that NASA
spent $8 million for V/STOL research in fiscal year 1969. Now, I don't
have the figures on all of industry, but Boeing alone, in our own small
division, spent approximately twice that much in calendar 1969.

So it is a matter of degree., We look to the Government for leader-
ship in what they want.

And of course NASA is one of their tools. Industry certainly uses
the level of Government interest as one of the important indicators in
establishing its research levels in various areas.

I would like to submit for the, record an appendix listing required
V/STOL research.

APPEINDIX,

APPENDIX TO TESTIMONY or M. E. KmcnINF-

DETAILED LISTING OF SIGNIFICANT TECIINOLOGY EEMENTS "Ft NASA RES1AIWCt ON
V/STOL AS COMPILED FROM INDUSTRY RECOMMENDATIONS

Propulaion
Reingestion problems of direct lift engines.
Factors affecting lift engine reliability.
High tip speed' fns and compresuors (1600-1800 top).

38-681-70--7--
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Iumased turbine inlet temperatures (8000-4200° F).
This requires work in coolipg systems and high temperature materials.
Injproved materials and processes, Boron and graphite in resin and metal

matrices and high strength nickel super alloys offer promise.
Improved engine/aircraft integration. Benefits Include drag reduction,

maintainability and lower weight.
Improved tolerance to Inlet flow distortion.
Criteria for lift engine in-flght starting.
Large diameter V/STOL propellers.
Technology of cyclic pitch aiplied to V/BTOL prepellem.
Airfoils for V/STOL propellers.
Structural design and loads criteria for V/STOL propellers.

Human faotors
Ifitegrated display and cockpit design.

Maters.ls
Propertikesdf. &oposite materials and systematie invettigatton of a variety

of structural concepts suited to these materials.
iFatigue data.in both low cycle and high cycle ends of the spectrum for

advanced materials.

-Rotary" wing aerodymamics
Air foil dynamic and aeroonamic data in reverse flow, stall and oscillatory

angle of attack environments typical of helicopters.
Jet flap and circulation controlled rotors, both gas driven and shaft driven.
Aerodynamics of slowed, stopped rotors.

Rotor and propeller dsynamics
Analytical methods to predict and control prop/rotor/airframe dynamic

Instabilities. Obtain tkst cof'telation.
Noise

Noise attenuation for direct lift engines.
Noise attenuation for propellers and rotors.
Acoustic feitigtde criteria for direct lift engines and associa d structure.

'Stability and control
Flight 'control requirements for IFR operation in confined areas -iuch as

r*of top VTOL or STOL ports.
Contrc power criteria for V/STOL vehicles.
Fly-by-wire control system design criteria for V/STOL vehicles.
Cross wind effects on various -V/MTOL and STOL configurations."Flying qualities requirements for very laTge rotary wing aircraft.
Flight management syst~ms Including power management and automatic

stabilization and control.
S*teP desceut rate stabilization system.

Aecrodgnapuce..
Externally blown flaps and other high lift devices In conjunction with di-

rect lift engines for VPVOL and STOL aircraft.
Downwash effects of propeller, fan and jet lift systems.
Aerodynamic ground effects.
Interference effects between direct lift engine and various high lift devices.

IMr,;'H nni,..L Would aerospace industries be able to supply a figure
for total industrywide effort

Mr. KImCHNi-. We will atte npt to provide for the record at a later
date a compilation of R. & D. conducted by industry on V/STOL hi
1969.

M1r. KbuLc m X would appreciate that.
Mr. KricwFrz All right..
So it is a matter of degree, you see--it is a relative thing. We appre-

ciate what the Government does for the country, but we look to the
Government for leadership. We have discretionary funds we can direct
toward one thing or anetherý,and we are all searc•hing f&r what is good
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we want to build the products the country wants.
SIn. slnnmarization, in describing our ritotamendations for NASA's

V/STOL research prograsn I have discussed the followilg topics:
(a)' The status of the U.7. and foreign V/STOL progrims.
Sb) 'The establishment of the joint DOT-NASA civil aviation R. &

D.A~ li• study,. -

he'suggestion for NASA to participate with industry in the
DOT systems studies in order to fornulate expanded V/STOL, re-
search programs.

(d) A suggested list of specific research and developments items.4;) Recommendations for increased NASA facilities.
Se urgent work for NASA that we have recommended would re-

quire a substantial increase in NASA's aeronautical research funds
devoted to V/STOL, comr ared to the approximately $8 million they

*had in fiscal year 1969-oniy 0.2 percent of the total NASA budget for
that year.

Thank you.
Mr. IHcm . Thank you very much, Mr. Kirchner.
Mr..GCldwater, do, you have any questions you would like to pose?
Mr. GOLDWATm I want to ask a few, Mr. Chairman.
This area of V/STOL, vertical lift, is, I guess, in a way, not new,

but it is new in the sense we dont have them flying around.
'Mr. Kmc -4n. That is correct•
Mr. GOLDWATER. In your -work, what system do you have? That

U.S. industry has come up with what seems to be the best system so
far, or ban you really say? "

Mr. KIRcHNER It is difficult to comment, on that. Various members
of the industry do have different approaches. Of course, I believe, they
have different degrees of substantiation. '..

I do believe that is an area where NASA can help. The DOT-NASA
study group could establish which ones, through the substantiation
that has been produced, might enjoy or deserve further work.

I can only say that there are several.
Let me enumerate the kinds that are typical. With regard to STOL's

we have propeller STOL's such as the McDonnell-Douglas Breguet
derivatives, which are essentially hikh-lift fixed-wing Oircraft with
turboprops.

Now, an extension of that concept is to put a hinge on the wing,
allow the wingto tilt, and you hare what is called a tilt-wing aircraft.
This aircraft can actually slow down to zero speed and go to a full
hover in flight. .

,Other types of STOL's %re fan STOL's. Now, fan STOL's do not
depend on propeller slipstreamis over the wing in order to provide
augmented lift, but there are' ways of, providing augmented lift on
such designs. Blowing the fan, exhaust air over external flaps '(called
externally blown flaps), bleeding the engines and providing boundary-
layer-control or jet-flal~ation,.'are samples ,o this type of aug-
mented lift.

We would call th6se 'augmented 'STOL's,,The best example I can
think of is the Boeing 707 prototype which was modified to have
'boundary-layvrcint•l,•6laps. It' was aetually ftbo@ by NASA in -that
coiifigfittion, 'a& a matteriol fact. There are nnin hat I can think
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of right off hand that you might be more familiar with than that
particular one.

Going'om in the.V/STOL area, we have the familiar vertical lift
engine comiguration where vertical lift engines are either placed in
the fuselage, in wingtip pods, or in some kind of retractable configura-
tion, such that they provide augmented vertical lift to the wing lift.
This approach can be used as a STOL where the lift-engines don't
provde efough lift to lift the entire weight of the aircraft, or a

92"ara'tin which came they do.
Another con uration can be described as a tilt rotor. A tilt rotoris similar toaheicopter, in that it has rotors to provide the main lift.

hssiiarotonlawh cpeingthatauiihasryforwatodpropulide ythemainitBut for forward fRiiht, the aircruft converts by tilting forward these
rotors to a horizonta position so they look like very large propellers.
This is a V/STOL machine.

There is the-compound helicopter. The difference between •a winged
helicopter and, a compound helicopter is that a compound helicopterhas not only a wing but an auxiliary forward propulsion system in

addition to the wing.
The vertical rotor of the compound helicopter is used only for

lift. In the winged helicopter, the rotor is not only used for vertical
lift but is tilted slightly forward to provide the propulsive force in
cruise.

I would say that generally covers the scope of the types of con-
fi rations that are most common. I apologize for leaving out any
Swhich I haven't thought of at the moment.

My point is that we have a variety of these options that I have
described. That is one of the problems. They are sophisticated ma-
chines. Any one of them requires substantial research,

So when we have the total spectrum in front of us it is difficult to
see how we can expect XASA to do research on everything. We don't
expect theih to.

That is why we recommend that the study group try to focus, as a
result of the work that has already been done, upon fewer, more sub-
stantiated configurations of those that have been studied, so industry
gs a whole can work o0 those in a more concentrated way.

Mr. GoLDwATm. What you are saying now is that the art. is not
refined at all, it is sort of in a broken stAige.

Mr. KMCHN•ER. I would say it is somewhat refined, but there are
too many options. The work that needs to be done is largely develop-
mental •h think the invention aspects of the technology is fairly well
in hand.

The developmental aspects of the technology is not as well in hand.
That is thilhiportantý point., That is why one would like to focus one's
attention on the developmental research of a fewer number of options
and make more substantial progress on those.

Which ones you would concentrate on are largely a function of the
analysis of the total system requirement. In many cases the configura-
tions are not only different technically but they are better at slightly
different applications.SMr. GoiLwATza. .Would your answer be that NASA take the
leadershipi

Mr. KIHmm t Well, I was asking for tlh DOT-NASA study group
take the leaderibip in this kind of systems work, and for NASA to
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take the leadership in supporting that kind of activity from a tech-
nological sthndpoint.

Mr. GowvwATl. It seems to, me industry would be probably a betterjudge of it.i&. KU caNzi L We certainly want industry to participate. We alsor

want the airlines to participate. , I .
We think leadership is required with regard to the focusing task,

and I dmot want to imply for a, minute that we think industry should
be excluded from this. We think industry should in fact do most of
the work in support of this activity, padticularly on a funded basis.
When it is on a funded basis, it is in a competitive environment, and
you get the best work done.

But you see, since the total system involves so many elements that
industry has no control over, the Government can contribute from a
management standpoint. It all has to be done in an organized way.
Industry could do more if the vehicle development were the only
problem. But since it isn't, industry can't.

Mr. GoLWWAT.4 Thank you.
Mr. Hzecrnlm. This goes back to what Mr. Anders said the first day,

this is also a people problem, as well as a technical problem.
Mr. Kiurnxmz It certainly is.
Mr. HzcmLlmu. I wonder what some of the other inhibiting factors

are.
You mentioned the great argument that is going on. Is this a tech-

nological argument entirely?
Mr. KmCHuNx. Well, ndt entirely---eertainly not entirely. I think

the main inhibiting factor is a lack of the national objective of what
we want to do in this~country.

Mr. Hncmzn. This national objective, of course, relates not only to
the decision which is technical, technological in nature, but it relates
to a decision concerning the whole transportation system?

Mr. KIRCHN-. Exactly--ematly.
Mr. Hxciak_. The siza of airports I
Mr. Kinironm. Exactly.
Mr. HECHLER The community acceptance problems which you

mentioned
Mr. Kx RciNx Exactl.
You see, if goals and objectives were established, the various govern-

mental agencies would have something to hang their hat on, to pro-
coed, in support of those objectives. In doing so, they might provide
the environment with which industry could then come in and inde-
pendently develop and suggest to the airline customers a vehicle which
will be, coanpatible with whatever system,. total system, was being
suorted.

Now, in the event the various total system elements were not pro-
duced in a timely fashion, even though theztotal system national goals
and objectives were identified, it migtit require some Govetnment-spon-
sored program in the vehicle development aea to stisfy those national
objectives such as has been done in the SST program•-but for different
reasons than the SST program.

The SST program posed a financial resourme prolem. In the V/
STOL program we have a total system devfopwment problem, an en-
tirely different reason.
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Mr. H-omRmu. I might say I concar completely with what you say,
and I think a simple statement of the national policy would contribute
materially to breaking this' great bottleneck that we have on V/
STOL's.

Just tociteone exampl,,there are many sections of the country that
is puzzling over what kinds of airports to develop.

Mr. KIEcHN=.' That is right.
Mr. uicuama. Fvw when they come to, the conclusion they are

2oin. to need a certan size air-iat, and the FAA agrees to it, some-
bdy i sure to, come along sad say V/STOL is going to be developed
next year, so you might.. st as well forget your 8,500-foot runways.

This is a very, very difficult thing for people iii communities where
you have. to make these dewisions and vote in bond elections. It is an
extremely difficult decision to arrive at in the absenice of such a national
policy.

Mr. Pr•rxns. Mr, Chairmanj'may I contribute to thisl
We had considerable discussion yesterday on this very frustrating

subject. This is a conclusion that I came to persoinally. I don't know
how much the rest of thi indiistrv might subscribe to, but I thought it
might be helpful to read this to you. '

It has so far not been economically feasible to introduce STOL
aircraft or V/STOL aircraft ,into general commercial use, because to
do so would require that each of the following five conditions be met.
And I have five conditions I have listed. I emphasize the word "each."

1. If it is a STOL-and a simihl. limitation applies to V/STOL--
it must be large enough and efficient enough to be economically viable
in airline use. Otherwise the airlines won'tbuv it. .

2. The number of aircraft of a given moael-I emphasize a given
model-which a manufacturer can ý count on selling, must be: enough
to make the program feslaible from the :manufacturer's viewpoint, so
that he can break even ,at least on his development and startup costs.
Otherwise the manufacturer won't baiilt it. ,, : , .. : .I . : . ...

3. Air traffic controls must be a'aftale:ttb make it feasible toepefitte
these aircraft as well as other aircraft in iany'caseS.on the swae hir-
ways and-thesameairportse.l...... ........... 4

4. Airports and supporting facilities, with adequate environmental.
-conditions, to permit efficient operations of. these type aircraft must
,be -provide&i.i~

' 5. FAA certification- ad, operatin~g, reqairenients miut be deter-
in~ed in' advance-ard&I. Tm iphasi.I the -word "advance"--so ihat

nminn afttem and aivtIikbperators beati proceed with some confidence
Rdevel6opin thowirefsft -nia pctvtldiigf-or iti operation. Cunrentl-

the requiftmetft for lwh.a-almrhine are'.not established, As far as I
see there is no intention to establish them until after the aircraft is
developedi which, is toW6 I ate - ' - I

SMr. ,l0nxc.mDana't you-,get .venr more specific in some of your,
points, by- indleaitig that V./TOt can have its primary-use -in highly
populated shrt-haul situndaomls.

Mr, PErafts. That wouM' bedthe general best arplication I ,should
think, yes. ,, .

Mr. i Hmai., ' wtouldfload, ou•onelstep closer to a sotwlusion.
'Mr. PMKMn IN is,4ifrnlt to, e$-hlo* all these things cn nbe mvet;

but one possible solution, and I emphasize "possible," is:
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First, a wefl-pmnuned, well-ma and wel-fanded nationl pro-ga to 'o th ncssr
1ra toprovip tencmr embol-system, and the airport-

faeffifisThis mightweR beoa functloof DOT.
Second, a weibpl§amid and funded, national program for the devel-

opment of one or more such aircraft-and I, hore emphausie '*one or
more," because I suspect at least one V/STOL and me STOL would
need to be• devel ..f a=propriate uize wi meetiig airline *rqte-
ment. Th*s parenthet aly m1ght well bemost feasibly carried out
in eonjunation withDOD, - eIre to lnmy statement.

Third, NASA support of the above efforts from a technical stand-
point.

Fourth, the FAA determination of its certifcation and optraing
requirements-in advance. i _

Mr. HoLa. Do you have anything further to add?
Mr. KMCHNER. No, I do not, sir. .
Mr. GoL~wATmawm. 3&;Chairman, I would like to ask one question.
Mr. Hwiman. Mr. Gold~wter.
Mr. GOLDWATR I .think it is well pointed out in. the overall plan

and design--I think we are well aware of the need-that this need
seems to become more pointed, and is becoming more pointed every
day. Perhaps there is need for an overall plan so that industry can
be pointed in the right direction and they can tackle this problem.
. But short of the facts there doesn't seem to be apparently any over-

all plano Industry is eontinuing to meet this need--and won't it con-
tinue this developuent, even though there is no Federal program.

I think the industry is well-aware ofwhere the need is.
Mr. Kmtcaim Industrycan't meet the need. I think my comparison

between what is going on in Europe and what is going on in the
United States Iwo indicated we are not meeting the need. We can't
possibly meet the need. Mr, Perkins remarked that we canIt develop
a vehicle without certain conditions existing-and they don't exist--
or else the program would experience economic failure.

Now, all is not lost. The Government does have a mechanism that
they have taken the trouble to establish to work out this problem.
This is the joint DOT-NASA group, and I might add that others
are participating in their studies, including DOD from a military
standpoint, and industry and the airlines are also being asked to
participate as required.

We urge that you pay attention to the recommendations of this
group. We don't necessarily believe you have to follow the recom-
mendations, but we think the Government should consider them and
then make judgment as a result of considering them, one way or the
other, and set aside some goals and objectives as a result of that.

Now the group has a timetable, and they hope to have some prog-
ress in 1970.

We recommend to the Government that they use the groups that
have been established for this purpose, and then make judgments as
a result of the work.

We hope that will give us all guidance, and I think maybe this will
be a useful mechanism if we all recognize and use it. If it is ignored,
the group will not have been useful.

Mr. GOLDWATER. You will continue?
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Mr. KmeiiaL We will continue to have a completely unsatisfac-
tory V/STOL technelogical situation in this country.

Mr. GoLDwATER. Thert is a commrcial advantage, the profit motive.
Mr. Kmomium. Only in the proper environment. I must qualify it

that way. The propr environment does not exist.
Mr.•(iowfri.o yaa think it ever will I
Mr, Kmwax . I think it can if ther is leadership to identify goals

for us allto look to; unified objectives to which the various agencies-
NASA, local governments, FAA, and so forth-all can look to as a
guide so they can make independent decisions in a way that support
that objective. Yes, we can develop the environiment.

Mr. PEWrs. I would like to inject the death rate of companies
working solely on V/STOL and STOL has been unusually high.

Mr. 'IEcHLER. Is there anythingL further, Mr. GoldwaterI
Mr. GOLDWATER. I don't think so.
Mr. Hmmimm. I would like also to recognize the -presence in the hear-

ing room of the legislative counsel for Aerospace Industries, Lloyd
Kuhn, who has been very helpful to the committee.

There are many other areas that this committee would like to keep
you here to inquire about, but obviously the time doesn't allow us to do
so. We would encourage you to submit any other material for the rec-
ord on the subjects that we have raised this morning.

The committee is holding these hearings for the purpose of focusing
attention on the need for development of the various things that you
have recommended, and we appreciate very much, Mr. Perkins and
Mr. Kirchner, youi appearing here this morning.SAs there is no further business before the committee, we will stand
adjourned until Monday at 10 a.m.

(Whereupon, at 1.06 p~m., the committee was adjourned, to recon-
vene on Monday, December 8,1969, at 10 a.m.)
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The subcommittee met, pursuant to adjournment, at 10 a.m., in room
2325, Rayburn Hause Office Building, lion. Ken Hechier (chair-
man of the subcommittee) presiding.

Mr. HUOHLEL The p~ommuttee wil -be in order.
We are very pleased to welcome back to the committee Dr. Thomas

0. Paine, Administrator of the National Aeronautics and Space
Administration.

Dr. Paine, we were pleased and honored last year that you could
lead off our hearings on aeronautical research, and we are honored
again to have you back this year.

Do you have a prepared opening statement that you would care to
offer the committeeI
. Dr. PAniz. Yes; I have a short statement, Mr. Chairman, and then
I will be very happy to answer any questions which you may have.

STATEME NT OF DR. THOMAS 0. PAINE, ADMINISTRATOR NATIONAL
AERONAUTICS AND SPACE AD NIMATION

Dr. PAIN. Mr. Chairman and members of the subcommittee:
NASA welcomes these important hearings on Aeronautical Re-

search and Development and appreciates the opportunity to partici-
pate in them.

These hearings and those held by the subcommittee last fall have
served to focus national attention on the problems facing us in civil
aviation. They have also provided a stimulus to efforts in planning
and implementing: a systeagtic approach to future research and de-
velopment programs in aeronautics, as they involve NASA, other Gov-
ernment agenies, and industry.

We at NASA ully appreciate the role that the Committee on Sci-
ence and Astronautics has consistently played in emphasizing the need
for farsighted programs in aeronautical research and development.
The committee and particularly this subcommittee have been a mov-
ing force in gaining support for the steady increase in funding within
NASA for aeronautics over the last few years.

Last fall when I appeared before the subcommittee I pointed out
that because of major-changes which have occurred in the past decade,
there is a pressing need to define the direction and pace in this Nation's
aeronautical research and development efforts. Inherent in defining our

(t01)
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national goals and setting priorities is the question of determining
the proper role of the Federal Government in fostering advances in
civil aviation transportation systems. It is clear that future advances
in aeronautics must complement the Nation's overall transportation
systems within constraints imposed by urban environments. It is also
clear that advanWys jp pFpt -bpedl iy" srying civil aviation,
such as airport facilities and air traffic control sytems, must be stressed
so as to keep pace with advafee&-ia-*ircraft. Also, in gauging the
importance of aeronautical research and development, we must be
continually mindful df~th* siilWl~nt conteibditibns of U.S. aerospace
exports to our balance-of-trAde position and the growing challenges
to this country's leaaership position in the world's aerospace markets.

As you know, since your hearings last year; NASA and DOT have
undertaken a joint study on civil aviation research and development
policy, and we are now actively engaged with DOT in working group
sessions. This study and the opportunities it presents for closer coor-
dination between NISA and DOT at the working level, will help us to
establish more precisely than in the past, goals and priorities within
the Government to stimulate the development of advanced aircraft.
transportation systems.

We are also jointly studying with FAA and the Coast Guard the
feasibility and requirements for satellite systems to provide navigation,
communications and surveillance services for aircraft and ships. Such
satellite qystems could greatly improve our capability for over-ocean
air traffic control and aircraft and ship telecommunications, both voice
and data, to shore as well as navigation and collision avoidance.

An example of our efforts to strengthen our close working relation-
ship -with the DOD iri aeronautical research and development is the
recent agreement with the Army Materiel Command providing for
the utilization of AMC personnel of test chambers, wind tunnels and
4t1Vt failti •it'.hli ff Ames,L'angley,and Levis'Resoarch Centers. Un-
der this net. agtbht current.efforts by AMC at the Ames Research
Center will be expanded and joint projects at the Langley and Lewis
Research Centers will be undertaken. These efforts will relate pri-
marily to; the Army's low-speed aviation research program. It is
presently planned that' approximately 175 Army military and civilian
personnel will be assigned to the three NASA sites in fiscal year 1970.

Accompanying me today is Mr. Charles W. Harper, Deputy Asso-
ciate Administrator (Aeronautics) for Advanced Research and Tech-
nology, who will comment on the testimony presented thus far in
these ,hearings in the context of NASA views of the challenge we
face and out efforts to meet these challenges.

Mr. Chairman, as I said at the outset, we welcome these hearings.
I am sure they, will provide ns with a deeper understanding of the
complex task of tailoring NASA's research and development actions
in aeronantics to this Nation's needs in the decade ahead.

Mr. Chairman, this concludes my statement.
Mr. Hwc-tm. Thank you Dr Paine.
I have expressed at these hearings the need for the formulation and

definition of national goals and priorities and a national aviation pol-
icy. I think this is a critical need at the present time. Much research in
eirnautics I think has been hampered and delayed by the inability to

ascertain what the goals and priorities are.
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You have indicated in your testilnony the fact the DOT-NASA
group is working in this general direction.

Dr. PAINE. Yes.
Mr. Ehmcmm I am inclined to feel that we won't make any progress

and we wont .have, clear leadersaip in this rieid until national aviation
policy is expressed at the highest level, namely, the presidential
level. I

I wonder if you would care to make any comment on this?
Dr. P•as. I think, what we are seeing here, Mr. Chairman, is the

fact that incieasingly the R. & D. in aeronautics that is carried out
must reflect a broader systems understanding. We are past the era
where the NACA engine cowling, for example, which relates to a
speci tic technological subsystem, is enough of an advancement. We need
much more clearly to understand the entire transportation system of
the Nation and the degree to which the aeronautics components of this
fits in. Within the aeronautics component we need to understand much
more fully the way in which the airframe, the propulsion system and
the structure and the other parts that actually fly are integrated with
the ground system, with the air traffic control systems, and indeed
with the metropolitan transport systems within which these interact.

So it is very unportaalt that as we consider the question of the
future R.'& D. in aeronautics which the National Aeronautics and
Space Administration will carry out, we do so in concert with the
Department of Transportation in respect to the civil area, just as we
have in the past worked out some very excellent relationships with the
Department of Defense in respect. to the military activity.

The real significance of the DOT-NASA study is the fact that it
does represent the first and a major effort to get these things together.SNow we also of course are working to help the National Aeronautics
and Space Council to take a broader view in the aeronautics area. I be-
lieve in the testimony of William Anders before the subcommittee
earlier he pointed out his desire to do this, and we are cooperating in
every way with the Council; which I think is another way of achieving
this new broader, higher level interest of which you speak.

Mr. HIccHAR. I am not in any way trying to dowigrade the DOT-
NASA studyiý I think it has done the very helpful things you pointed
out. All I am sayingis that whennational policy comes up from below,
sometimes it doesn't state as clearly and sharply the types of goals and
priorities which are badly needed in order to make progress in the
hield of aeronautics. I would certainly hope that this expression could
come from the hithest level and not necessarily reflect simply the low-
est common denominator agreement at the lower working level.
. I would hope also that it deals with forecasting planning and re-
quiremeilts in terms of the need of the Nation rather than merely
tailoring the research to the availability of particular facilities or per-
sonnel, vehicles, or points of view. I would like to get your reaction to
this point also.

Dr. PRuE. Yes; I think this is absolutely essential. The progress
that we are making now in this joint study'is very much along these
lines, of defining necessary needs and definung the opportunities that
we have in the context of the total transportation system as well as in
the context of the R. & D. environment and the opportunities we see
in the technological side. That is the real importance of this study-
the fact that we are bringing these together,
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Mr. HECHLm. As you know, I expressed great disappointment that
-the space task group did not deal with aeronautics in its report.

'Dr. PAINE. Yes.
Mr. RHsmum. Do you think there ought to be an aeronautics task

group that focuses attention on the need for aeronautical research and
development ?

Dr. PAINE. In the very first meeting of the space task group we
raised the question of whether we should indeed include aeronautics,
Mr. Chairman, and it was the decision at that time that, because of the
very short time before the first scheduled attempt to land on the moon
and the fact that the administration would have to make its space
decisions on a very tight timetable, in the interest of time it would be
best to exclude the aeronautics area from the space task group con-
sideration and for that particular group to concentrate on the space
program.

The fact that we now have that part of our task behind us raises
the question perhaps as to whether or not a similar effort in aero-
nautics is required. It is not clear to me that we face the same problem
there, particularly I think with the coordination we have between
NASA and DOD with the AACB, between NASA and DOT, and the
other relationships we have been able to establish, for example. with
respect to the question of noise pollution. In these special working
groups, which include the Department of Housing and U.rban Devel-
opment, I think we have more satisfactory mechanisms in the aeronau-
tics area than we had in the space area at the time we set up the space
task group. But this is certainly something that we ought to look at.

Mr. HECHLLER. You may recall last year the opening question I asked
at the hearings was what the Soviet Union was doing in the area of
aeronautics. Do you have any further report this year as to the extent
of emphasis that the Soviet Union is placing on aeronautics as related
-to space?

Dr. PAINE. I think it is fair to say that the past 12 months have
seen the United States demonstrate to the entire world in the area of
space a very advanced capability. And at the same time we have seen
the Soviets continue to have some difficulties with their program.
"Therefore, I think that in the space area it is clear that the United
States has certainly regained the lead that the Apollo program was
specifically designed to regain.

In the aeronattics area on the other hand, the situation is by no
means one of demonstrated continuing Amnerican superiority. Here we
see a very intensive effort on the part of the Soviet Union to develop
and fly experimental aircraft, with very advanced capabilities. The
Soviets of course were the first to fly a stipersonic transport prototype.
The Soviet effort in the military a'rea to bring out advanced aircraft
remains very high and competftive with our own. So I think in the
aeronautics area we see a very vigorous thrust forward by the Soviet
Union, in a program that I would say is fully competitive'with that of
the United States, with the possible'exception of the civilian aircraft
area, where our lead is very substantial.

When it comes to the military area, the Soviets are certainly chal-
lenging us on every front.

Mr. Hwcnmva But isn't the investment by the Soviet Union in the
future even greater by reasonof the traiining of more younger aeronau-
tical experts who will become leaders of the future?



105

Dr. PAINE. It is certainly true that the Soviet Union is building
very greatly for the future in the area of aeronautics. I think that our
own efforts at this particular time, particularly in civilian aviation, do
give us some degree of confidence in the future, but it is certainly no
time for us to slack off or to become overconfident in any way.

Mr. HECHLmt One final question, before I yield'to other members
of the committoe. How would you assess the importance of aeronautics
today as contrasted with October of 1968, when you appeared before
this subcommittee last? Is it the same importance, less important or
more important, both in the task of NASA and in the challenge to the
Nation #

Dr. PSINE. It certainly is no less a challenge. I think if anything we
have seen in the last year the aeronautics area become an even more
important part of our national effort, in several respects. One of these
is with respect to the increasingly important part it is playing in our
entire national transportation system. It continues to grow at a prodi-
gious rate. This year the airports of New York City alone will handle
40 million people. The rate of growth seems to be definitely destined to
continue into the future.

The other area, is the very important role that our aerospace indus-
try plays in our whole national economy, andparticularly with re-
spect to our balance of payments 'verseas. The U.S. balance of pay-
ments and the exports that we have in the aerospace industry have now
reached the point where some 240 percent (1969 estimate) of our total
balance of payments is actually covered by the aerospace industry. It
is one of the areas of our economy where due to the tremendous invest-
ment we have made in our technology and in our R. & D. in the past
we can indeed compete very effectively in world markets. I think if it
were not for the aerospace industry and the computer industry, we
would certainly be in a very different position in world trade today.

Mr. HxcPLm Thank you, Dr. Paine. Mr. Pelly.
Mr. PF.LY. Thank you, Mr. Chairman. I take it Dr. Paine, that you

don't agree with the economist who said the SAT would adversely
affect our balance of ayments because it would encourage so many
people to travel abroad, they would spend so much money that actually
it would result detrimentally on our balance of payments.

Dr. PAn•N. I thought that was a somewhat far-reached piece of
rea-sonng.

Mr. PFzLLy. I think economists are generally clear-thinking people.
I don't understand it. But that was a prize as far as I was concerned.

Dr. PAiNE. Well, ii is known as the dismal science, you know, Mr.
P PmT.,T. Well, I don't know what we would do if we didn't have

economists to get us into arguments over the matter of spending poli-
cies and other matters that are vitally connected with policy.

Dr. Paine, you referred to the joint study of NASAk and D)OT
for reserch and development. Is it possible that the conclusions ofthis study will be reflected in the upcoming budget of the President

Dr. PAIR.r The 1971 budget is now under con~sideration betweenNASA, the Bureau of the Budget, and the President. It will not be
greatly affected by the study, although in the aeronautics portion of
the budget we 'will be looking at the cix rrent status of the study for any
clues we get. But the study is more likely fto haie any major impacton the 1972 budget.
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Mr. Ptmry. One witness before this committee said that a satis-
factory level of research and development would be an increase of 40
percent or something like $70 million. I don't suppose you can project
as to whether we will have a satisfactory level in te President's newbudgetl

Dr. PAInL Well, I am sure the level will be satisfactory but exactly
how much it will be is quite: another subject, because the word satis-
factory-

Mr. PrauT. Like "economist."
Dr. PAncL Exactly. You have to take into account the entire fiscal

program, and the pressure of other programs. We are trying to do our
best in the aeronautical field7 to which we have attached so much im-
portance. At the same time it has to be done in the context of totaldemands..

Mr. PRzr.l would say it is one part of the budget which has very
strong popular support. Some people dont see any advantage to
landing men on th moon, hut they certainly -do as -far as research
and other matters affecting their safety when they travel by air as
well as other upcoming problems which we hope will be overcome in
the next few years.

That is %ll. Thank y ,u Mr. Chairman.
Mr. HRUMzM. Mr. G;dIwater.
Mr. GoLDwATnE First, I want to apologize for being late and not

hearing your testimony. I am sure it would have stimulated more
questions from me. I am interested-being from California, and par-
ticularly since my district includes Burbank, and the San Fernando
Valley, which has a gmt deal of interest in aerospace activities. ,

I was wondering what is being done from your level to encourage
students, to get involvedl in areospace businpss. The need and the
demand-is going to grow, the demand for more trained young people
coming out of school. I am suite it is something we are encouraging. Iam just wondering what is. being done, if anything.

Dr. Psnqu We doihave• a number of programs between NASA and

universities working directly with. tlh aeronautical engineering de-

partmeut that I think rgve students unusual Olportunities to use the

facilities which NASA 'has in combination, with their own tudies. I

think perhaps somewhat of a model of this has been the relationship

that has developed between Stanford Univerity and our Ames Re-

.search Center,. which are: situated only-a few miles apart, in which we

have an aerespace building on the Stanford campus and students there
working in very productive circumstances who are also free to interact

with the people at Ames and the facilities at Ames._.
SOne partictflar pro~ject that oomes to mind is a graduate stttdent at

Stanford, who happens to be a Peruvian, who has had some very
advanced ideas with ireepect, to rotors in the wing, to change the air
distributions. hese are things that can be checked out with NASA

veople in the wind to nels at Ames in a very epositive kind of a rela-

But, Mr. (Goldwater, there is another area whichI am not ver happy
about 'that I must also mention andu that is in my opinion we have not

been able to attract enough ofthe young people just ,gradl.uating from
college into ouw NASA aenters because of the severe utbaks ti our

manpower that. awe have had over the last 4 years. It is 'a matter of
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some concern to me that we don't have enough younger people coming
to NASA itself. As we lookt h our centers, we se the staff being
primarily comppsed of older people andone of the thing's we must do
is find away to get theseyoung people, when they graduate from col-
lege and they are ItM of ideas, who don't know they can't do things for
all the reasons tha have previously been given, and who go ahead on
the problem and try anyway.

Mr. GOLDWATE. Are you saying the demand is not really there,
then?

Dr. PAiNE Well; thete is a demand in the aerospace industry. I am
concerned more with our ability to attract them into our Government
laboratories to g_ mbre of a youthful outlook in our aeronautical re-
search centers within NASA.

Mr. GOLDWAT•m. I befieve there was some testimony here before this
subcomudttee to the' effeet that we were not graduating enough aero-
nautical engineersaand scientists.

Dr. PAmt. We would like to see more graduates, too. I was simply
saying there are bto aspects to the problem. That is one of them.Th
other is that we are not bringing enough of those who graduate into
NASA.

Mr. HwczkHia. Will the gentleman yield on that point?
Mr. GoLDWA.iT. Yes, sir.
Mr. HECHLER. Is part of the fault in the universities? Someone ob-

served to me the other day that the most recent textbook in aeronautics
went all the why back to the 1950's.! wonder if there is enough leader-
ship in the universities to generate the kind of interest that will cause
younger .people to " into the area of aeronautics.

Dr. PkNi. Mr. Chairman, you are getting somiewhat out of my own
direct peftonal experience .area. It might be iteresting for you to
bring ' few of the leading aeronautical engineering people in'to com-
ment on this from the univeorsities.

Mr. HicHurm.-Yes.
Dr. PAINE. But we do see some very vigorous leadership in the

universities at this tike and I am not aware we have a major problem.
Mr. Hsi . '•a.You, think it is a money problem then in 7JASAI
Dr. PAmDi. Mokey4aid manpower oeilingay ws we ,have been continu-

ously reducing, the nitimtr o. people involved in the, Nation.s aero-
space-efforts within iNAgA. Obviously it is very difficult to bring new
people in while y?6u ze moving lar& numbers of people out.

Mr, H in .n•.*xMr. Gbldwater. "1' r i. ,, - .
Mr. GoL•wATEm Yes, I would like to ask one more question, Dr.

Paine, I. know that' the United States Irs woiked with the French
and the British in theibAildifig of the Conoordd, in exchanging in-
formation, ntd of tonlse we buy some of their engines. What is the
procedurer. How do, you proced in the exthange -of information be-
tween other natiois* smy other, thah the T;rneh And the British, the
exchangeof .our technology in relationekip to theits and vice versa?

Dr. PA.m There, tae nm technologieal matters always two areas.
One is, the area of broad interest to all.people, which is published in
the open literatUre, and the second is thai are that is proprietmiry, that
has Acnomic value to specific companies which they hold very c'Iosely,
their own tradet secrets if you ,like: NASA primaeily operates in the
former area, in the area of open, free exchange of information that
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is reuired for all peop* A. good example is the effort to reduce the
Boisk of jet .ngines, which we Ve. anzioj to do on a worldwide scale
so that, all the arst that ,fly in A;Mericau, Jies, whether powered
bhY Pratt &ad Whitney or G~enral or l1s ]ýoyce, have the
benefit of, t)is kind of thing.. Also, when it comes to matters of ail
sat•, w1hn..it 0o100 to mawtrs. of the handling qharacteristics, and
the way in wbich crews a trained to fly, we i NASA are able to
adapt our simntaators so pilots who will be flying the American SST
or the British-French C4ncorde can become familiar with the cock-
pit JeP 'ad we ca work out some of the problems on the ground
before the, crews fly. TAhem arm the things we iubliash generally.

oMre Gh rwAs7* fly. The A 0ry a publicanion basbis or do you ac-
tually have peo le in the field and do they ihv*pople over hereI

DP•.m .ýesweoxchanp pe no~l. W technical eetings
We at~tendmeetings in other countries, we exchange equipment. We
will, for example, have Canadian aircraft or French ideas with re-
spetto helicopter rotors whiehwe may have the facilities to test and
we will tesftthese for the French and thenboth countries get the ad-
vantage of these new ideas, which in the next' pneration after the
prototype testing in laboratory the engineers will begin to look at
for practical applications of a restricted type for each country.

Mr. GOLDWATER. To what extent say would this apply to the Soviet
Union V

Dr. PAImx. With~the Soviet, Union the matter is somewhat differ.
ent. The enness with which they publish their technical results is
couside=rably more restricted than our own. We do see results from the
Soviet Union. It was a matter of some interest to us that when Astro-
asut Borman:uvisited Russia, recently and one of the things he asked
to see was the Soviet SST, he was given a very complete tour through
the SST. He was al.voWed to sit in the cockpit and completely briefed on
any question that he had. They were quite open about this.

Mr. GOLDWATmE. Do we openly exchange information with the
Soviets oris it just a gestureI

Dr. P•um. It is. more a case of the technical literature which is
publieh. in the Unitld, Sttes which is open for them to buy, and
the technical literature that. is published in the Soviet Union, which is
quite exteaMve, muoh of it is opem for us to purchase. At international
meetings in whic.h various subjects are discuesed there may be Soviet
authors. presfttimg papers as. wil as American authors.

Mr. GOLDWATER. Would you say it is sort of a family atmosphere
in this arm eaof astreoauticI

Dr.nP~nrn. I wN6i ,my in general it is s cooperative atmosphere.
Mn GzOLwATEm Thaank yot_ Dr. Paine. I have no other questions
Mr. Hnu m, 1;Lhave tto other questions, Dr. Paine. I know your

sohiedles .r tight and the committee would like to make sure that
you get .awIYfM . ,her faifly early. But I would like to put into the
reco:•_,stab_. of the:AirF, rs q•nditures an research, development,ftes- and ev.auatibn. aabia fon air-raftand related equipment. This
table indifttes that in final year 1965 the Air Force total expenditure
on R.M-A., ,& -wsv&174, Jlhioa. And it- reoe in fiscal 1968 to $a.443
billiaol Yet.the -of that amouxt on aircraft and related
eqo.ipmiw deeIetl during "tis period: from $80W million to $589
mHllion,;:
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Now does this. type of thing have any impact on what NASA could
or should do in aeronautical research? It would seem to me that the
squeezing: down and decline of tho emphasis of the Air Force on its
expenditures on research and aeronautics, would place an increasing
chailee on NASA_,.

D~r. PAam. -D does pose an increasing challenge on usý and it is
particulaly aksleii because the 1L & D. which NASA is carrying
out today isthe&R.& on which the aircraft that will be flying in
the 1980's will be based. So we have to look at the Air Force's short-
range change in budget but we also have to ask ourselves where the
Nation will be in the-late 1970's and 1980's. It is also true that when
the Air Faec terminates production or is forced to change a program
because, of R.Ah-P. unknowns that they encounter, such things as a
probleam with rigid rotors in helicQpters or whatever, that this puts a
particular and urgent requirement on NASA to get some of the funda-
mental answers that are required. This has been particularly true in
complex areas like the interaction between the aerodynamics of air-
frames and enogne inlet conditions in the advanced aircraft which the
Air Force is now procuring. So that the changes in the Air Force
program and the way in which their program progressed does have a
major feed into the NASA program as we makedecisions on the areas
that are important for us, but we must always keep in mind the fact
thlait is a ioog-,eng •..ftn a._tha we ,must 'be .asking ourselves
abPat Ow uture 'on*#is Ie**6 the • chsnses.

(The taiie of tlie Air Force expenditures on researoi, development,
test and evaluation referred to is as follows:)

U.S. AIR FORCE R.D.T. & E. FOR AERONAUTIS

fin millios of duibkrl

Total Aircraft and

Fsayerevoq. a E. reltdw
Fla year program equipment

£15----------------------. 3,176 803
6 .----- .................. ----------------- ------

I ~ ~ ~ ~ ~ ~ ~ ~~... 7....------------------------3,330 744
lI------------------------------------ 3456 762

----------------- ------ 3,4 762--------- 3,157 645

Mr. Ho-mHa. The final question I would like to ask pertains to the
Aeronautical and Space Engineering Board of the National Academy
of Engineering which published in December 1988 the results of their
study on various Pubjects is the aviation field. Would you care to com-
ment since that study on what value them studies have had on NASA
and what actions or steps if any have been takm: since the December
1968 publication I I

Dr. P.4xw&~ We found this report to be a particularly fine piece of
work, and' those recommendations are being taken very much into
considersion as we put bogether our plans for the future and as we
construct our 1971 budget in %he Am oplaeronautics.

I might also pay a coaplinmt, Mr. Chairman, to the testimony
before the bco telaet week bythe industry representatives, who
also I-think have examined the area of requirements in R. & D. and

L8-481--O----8
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have coae op with some very thoughtful suggestions which we will
take into ecotnt-

Mr. Hnimaw. Thank you, Dr. Paine. I hope as a result of your
testimony and, the hearings of this teommittes that we may move
forward to placing greater emphasis on aeronautics -ahd the establish-
ment of ua nattonal-aviation'policy that will provide the leadership in
this area. We appreciate your appearing before this subcommittee.

Are there any further questions by members of the subcommittee?
(No resporiws)
Mr. Hwmcm. If not, thank you very much, Dr. Paine.
Dr. PATIM. Thank you4 Mr. Chairman.
Mr. Hwmxn&a We are pleasedito welcome backto the subcommittee

Mr. Charles W. Harper, Deputy Associate Administvator for Aero-
nautics Lthe Off of Advanced RBefarch and&Technology' National
Aeronantilcb and Spee Administration.

God in Bill'.
Mr. Rmaat Good morning, Mr., Chairman.
Mr. H;lzv n. Dioyou have a statement you would like to present

to the 8ttbo ••. ittee
Mr.RAm~rL Yesrwir; Ido*.
Mr. HzoHL. You may proceed,

sTAT•ET W1 Ck U W. EAM, DDPU ASSOOIATZ Ah)M-

AND flOLO",

Mr. HA"RPm. Mr. Chairman and members of the subcommittee, as
Dr. Paine said, we in NASA appreciate the opportunity to continue
to participate in these hearings on aeronautics R. & D. TJrhe hearings
of last year formed a very important input to NASA's planning. We
expect the samete be true of the current hearings.

One objective of NASA's appearance today is to relate the state-
ment and discussions of preiious witnesses to NASA's activities and
plans in aeronautics R. & D.TThis is particularly important since in
most instaiiaes NASA is not a customer for the results of its aero-
nautical reearch and hence if that -research does not relate to the
user requirembnts NASA is not fuilfillifig its responsibilities.

Before commenting on the statements of previous witnesses, how-
ever, wewv~ind like tO prese% NASA's view of 06e riational aeronautics
R. D,.,T'uestioti in orter that bur l~omwints4 can be put in the proper
context. quotqu :ti j eati, be statedi simply'.s "to hat extent sho~lld
the Gcvernmeut suip uerenauties R& D. to assure aviation devel-
dpoiet alonm g lies 0f maximum vahre to the Nation." The extremes of
no Goverhment par ion or strong Gbvetnment drection appear
equally unsatisfactory. Through the assigned responsibilities of the
CvilAeoimtiesrd In-eontrling ai• routes, avd the Federal
A~viationAdministration in operating the airways, the Government
has alredy placd&.a value on airtra tion at a national level.
The question remains as: to how. ,fsr thisi ireet involvement should be
extediec inmthediwmtion of rese&'ch and development.

"It is, pertiant in,'this-oonnectioni t6 recall that NASA was formed
in ordwr 'to Apohsor thedevelopment of aviation for national benefit. A
principal purpose was to develop and operate national research facili-

I l .. .....



ties, representing a Areat 6r inviWnst nt than the small industry could
sup porI which. would piovide ýthe flow of newtlehnology required.
Looking back, it is fair to concdltdethat this ivesttnent by the Gov-
ernment was a wise one; perhaps one of the wisest made. It laid the
foundation for the military •vistioml t•hat played a dominant role in
World-War II. The principles which led to the establishment of NACA
were reexamined'by a Preoidential cdiaission. in 1947, and in a 1948
report entitled, "Siirvival in the Air Age," those principles were en-
dorsed and theiOr continuance recommended. The support that was con-
tinued by the Governmient'through the 1950's allowed the development
of the t ojet-powered supersoirc military aircraft and laid the foun-
dation for the tremendous expansion in civil air transport following
introduction'bf the jet transports. The G*ovrnment has a total invest-
ment in aeronautics R. & D. through the support of NACA and NASA
of about $2.2 billion. Uit year the U.S. civil aviation industry alone
represented almost -a $10 billiin activity. Thig is a good return on
investmient. I f ,

in our testimony last year we discussed_ a number of opportunities
for aeronautics -9. & D. to provide, the base for further major air
transportation developments.

(a) Weidentifiedlinprovements in the subsonic jet transports lead-
ing to redueed noie; inicreased'ýruise figt, efficiency, and reduced
landing speaed blin irkW*-of small~r airfields. In the past year
NASA has'demonstrated the ctivevnds of engine nacelle treatment
to reduce radiated -ncis•, _begon construction of a research engine
to enable test of new pýrinipkes of noise reduction, has undertaken
modificationwof a smnll•"•pting aircraft to demonstrate improved
cruise effluieioy t higher speepd, and hbd many discussions with in-
dustry-legurding technology .fbr reduced approach speeds.

(6) WeMdentified pWtential najoratdvdnoes in rotor craft through
use of nonarticulated rotors, compound rotor craft, and tilt rotor air-
craft whi* [otd provide aecoptabli sohltions to the problem of. quiet,
Ofided t itA strtatioe. I•n the lst year NASA has car-
ried 6ouaxto e~~itilt rotor, test in roopeation with. the Army and
the French -e erment, research groupiha' initiated with the Army
a substantial, fraimon on nartiýulatd ,rotorae and begon more de-

1(c) We di~ droht eondsiowthat the STOL transport will come
to Anl a very imprant ransoprtation-role. In the past !year the FAA
reached thi saiic~icluAion and-haswred NASAAto accelerate its on-
oin• mh onep lleittvil Jit-dnveti STOL aircraft, as well as

aemm wa h~irea]• •~ef~ors let NASAi to aid FAA in enablingeariy' intredUcticofmx.Of istteiaircraft, in •rviee6 ,NAS spo dn
withinoifiatio,~tan 'V-%) lt~ TOLASAis proceeding

wtcn OL ration to study pro-
psbele STOL peration• •is on the, tr~•'4fa~ment with the Ca-
niadimi Govetlfb't••ni ification• ofa C- aircraft into STOLtcon-
figuration to study jet STOL operationi-.

(d) We Identified the supersonic transport, 's the successor to the
subsoni" lets, fto kos-ig. transport I the Ipast year we have in-
creased the depth *f ouir siidiss oft, teclo~ba of too high
riiklt "vrP-m*WIn;*,flrs•t S de al dvaneA avionics to
proviFW 8i•r• ,'wd•. strqeeuz'. tyj ol-the stability of inlet-

pulsion-airframe interaction to realize minimum drag in the critical
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trasnsoic acceleration portion of flight. We have initiated a joint
Sih s p=TVram with the Air Force to use the two YF-12 air-
craft as natio resarch facilities to verify wind tunnel findigs and
conduct research only pw uba in flght such as interaction ofhlgh-
speed airerft witlh high atitude turbulence.

Ip the past year also we ha.y accelerated our eforts to obtain a
proper t Of .technolo v.lues against the total air trans-
portaion picture, military andeiiL Wel4ve agreed with DOD to
participate in their systems planning at an early date to provide an
Inportant input to.our program planning. We have provided required
participation in the DOT/NASA study and use this to influence civil
aviation, program plannin•. It is inmreasingly clear that these activities
ame of prime importarn.e, "he. .•qct of the turbojet engine was wholly
Wideireted--Wbile Lit 'was the lightweight engine thiat enabled th~e
Wright brothers 4o fly, it was- the turbojet that converted air trans-
port borm an adventure,1to a normal mode of travel. No forecast of 10
years ago showed the growth achieved, or predicted the noise and
congvetion problemsor predictedthat the airport w"old beginm to dis-
place the Earbor or iailroad station as a center of city activity. No
forecast showed that the long-range turbojet transport designs would
be used for short trips of 100 r£200 miles with great success because
of eficieipoy and ground travel congestion. It was not seen that air
4ravel b ewen WaslongtolNew York, and Boston would reach more
tha4 20,00 9aday when service was available. The re-
emengsioce of military aviation.as a powerful factor in'the face of a
nuclear s4lemate Was not mntmgipated. Thme grwth of aviation to a
point of being a major influence on the Nation's economy was over-
looked. Te.w now r _ gnined factors, and many others, lie behind the
increased atteition b6ing givea aviation, and the actions being taken
to circumvent its accumnlated problems and exploit its potential for
mtioual beton&.

katninod agaigAtthsovetall pin re certain now factors stand
out which will imave a maj or inamence oni national semoantics X. & D.
Activities in tthehf burme Without question, the major factor is that a
new aireraft ootept, must be-seen as only erie purt of a total system,
rather than *san ilatod ensityk in order to assess its value, and there-
fore the value of associated research. For example, a decade ago NASA
could conduct veuicl research and FAA could undertake air traffic

onttol, levhopemPMt with almost complete indiependeace; the jet trans.
port wu aeptedioan existing system with very little disturbance.
In pa��thib was bac~use the jet transport represented Just another
evohitim.n.ry sop: i &a pzom. which had been pro" for many
year, mand. in pak because air transprt, Al hadaminor , role in trans-
portatioL so that its indirect effects were mall. Th& situation today
is quibe differeMt. A V/STOL transport-system is not just a new air.
craft but also includes now airports, new air trafc control, and so on,
and their satisfacto interactions.
"A sewond major= .,t•w is thehans~e in reW•.' importaneb to the
cen.try of air tranpq~rtati . .A. dec=de agoair transport was a useful
,djtMd*thMrp•id~ oE ttAi ed AM e-*uemt of the, national de-

0.. yst $.oýu a; . san4pawt, them was value in main-
Wain -a 4 d y " s' X••g.ew teahelo ydeelopment

0*vs~ime t b &s Mtpkemurant did net appear
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critical. Today lir transportation has become a criticalpart, both in
a civil and Mtary 'No',,of the daly bpoetion of the "ation..Opu-
lation Ovowth and travel tion on he ground point to air trans-
portatin A a vjor availab e option for te future. Thus the coun-
try's stake in coatinued lielthy growth is much higher than a decade
ago: formation of DOT is one recognition of this. Under these cir-
cumstances the role' ahd extent of overnrýent participation in .avia-
tion gr6*th might well be very difffeent from that which guided
NACA activitiei.

A third factor is th6 very wide range of aviation systems possibilities
facing both the civil and military users. Many systems are technically
feasible, but certaiily there are not sufficient resources to develop
all not- would all prove to be of p"imAry value if developed. A decade
algo the options we.e 'fewer, andwith relatively modest resources the
Government, through NACA, could pursue technology related to most
of those options. Today a process must be, fQund to identify the prom-
ising concepts very early so that such resources as-the Government
chooses to assign can be allocated properly.'

A fourth important factor, orae discussed often in the past, should
be pointed out again. In the period of evolutionary development of
aircraft it was acceptable to make incremental advances in design. A
new propeller or engine or wing could be fitted to an existing aircraft
typeand an improvement gained. Thus, in general research needed
on y to show that an element of the vehicle could be improved and
the idea could be adopted. Today, as has been emphasized repeatedly,
the interactions of various elements of the vehicles are so great that
a change in one invariably leads to changes in others. Adoption of a
new technical principle thus entails 4 mucsh higher risk until its favor-
able or unfavorable interaction with other elements is known. This
problem has led to much discussion of the use of proof-of-concept
or experimental hardware process whereby the simplest possible total
system involving a new principle would be constructed to identify
the effort required to allow practical adoption of the principle. This,
too, is a problem much greatr in magnitude than a dlecade ago. The
Government, through !NACA, carried out only a slight activity along
these lines-the mlitary carried the major share, and civil aviation
profited'directly. More recently, the military have sharply reduced this
acti•vty while at the same time, a. nieed has grown for proof-of-concept
activity in support of civil air transport requirements which would
not have been met by military developmenti. Need for a quieter turbo-
fan engine for civil transports is a g)d example. This gtowing gap
between pure research and, initiatiqni 6f development seriously nee(1s
filling.

I would like now ti irn to NASA's view of its role in, aeronautical
R. & D. At best ai it chn .bb estaMvl•4 it this time; ahd in the light
of the'previous cftwmleh. Thepi' is little argamitiit NASA shouild
carry f~rthe Go nerinti, gt primaq role in advancl research; this
term impljes Otudy cf those it~tt disipllPOes which undelie. ad'
Vance. ih karoliatttik-ni *oh 'is o fiulampelitl ifi nrature and
essentially free I rolm C~oxsifd -b!,6n tbe ,niern pdbleius asso-
eiated wiiti 00&tiesl at~pficatioti of te 0 re earch resti .To the older

whih ?ITASA `i6cnt-iWted on,-'we have 'added fUtindamental studie4
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rn eig ht dy qa r~J• ?4 ,bio eeh•01o•y as related to aviation.

~~yA.1tl ~ ~ ~ ~ W re4t jia~p nj*Ay P1 NA.5A-j that period the per-
. esopl directly in rl ar. . pprqxiataly fr~a 600 to 1,W0,
aN t40e x uro "Pr matei$ ili'u. While this
A nouano g", Pfogrs we s6sf(t yetwiththe level aehieved.

The ~ ~ ~ ~ ~ r pIpl~~~ ar W~9e14 s~lfticated nisoins
tb*Az thow ofe v##ýa&. ~1cd.p orrwsondpgy to. make progress,e
a much more thorough understanding is required of the bwsic physical

nPramples involved. A, pI~t~ct4gr~rbl~a-r&ise.4 a 'few moments ago
, by.Mr.Go4Iwat.r-- this •ard iasb en the scarcity of new college

graduates tralud in iear6P&s*r"jated scieces and the severe limita-
•! tion, as D',_Paine pointed oA1•9nNA$A's aibility.to hire from those
rg available. "Aeronanticslci~ne ~.R_ & D, has a, great need for an in-

S fusion of young.scieptists lraineddn the mostmodern scientific tech-
S niques.

n'The role and scpe of WASA's activity vis-a-vis.other agencies in
applied research or technology is not cleaxly delineated. However, our
concern over the national neea to accelerate the pace of aviation devel-
opment h4s led us to develop apd, propose research programs directed
at the application of the advanced research findings. In developing
these programs we have attempted to identify and focus attention on
the most pressing military and civil problems. In arriving at this iden-
tification we have used the advice and recommendations of the DOD.
DOT,, and industry. both through our repearch advisory cominittce;
and through infoful discussion of specific problems in depth with
all, interesed; parties. Some of these activities were discussed earlier.

The examples -of WASA. work in applied technology discusse4
earlier are a logical extexision of NACAk/NASA's aeronautics R..& 1.

p~rogram wich has historically concentrated on the aeronautical ve-
hitle>. However,. a4 a consequence of. the interaction of the vehicle
witfrthe xeal id r ro . the ym that :was mentioned earlier, new
deinanl. on :S•1A ,F, .& 1,4 . pro4 gm -are dAveloping. Completion
o._the'Aex& a Coimainittee reprt on airntrpA.,c control led .to a request
of NASA hM.DOT for r•esaw on 4 "e ebo, c•ntrol or dissipation
O4 -wing-tailing 'ortices. f.or. example Jhe stre!gth of these .vortice6
fr -innew,si r e iraf •gat;ekough to upset aircraft. ollowing too

4e9 , and thus .it_ &lowerl•,rt! pn. aircraft spW.cig, and airport
e.• tace :rte.6.L eA• l•,"a NASA to ludertake studieA of

a_ _w• aound .v4,a S portsto letermineý. how these must
l•. S]h$ap to, provide snwOth atfIgw tO allow safe cit -center. opera-

tpas. FAA hFA A: kedi NASt o tprovide the support necessary
for FAA personnel to study on NASA simulators the opertion of the
p~ew JArge jets, the Zuropes-n - ro t nprts and the U.S.

u~~persO~=,iC posot 'A& akdNS to cooper~ate i

4 "~�5�9n Ut hve ar j d•signed to provide the in-
fnaon neceamqyt6,esatlish e role of, satellites in aircraft com-
municat'max and/or *0to 1 /ad/orr.. ilanet.,

PTepae mpbR , 0, Pf~nse ls has b"gr -to use NASA resources
m a d�i�,�n way .Htý I'', reseanh has provided part of
the techni enmblg, e•. to Upiertala now s._tems develop-

th in 4U•goy ,dao. e S t 4Lrqst st, ms NXSA has served
Mi;anut ~avsory 41- si~p t ., 4p to a~sist. 1 * realizixig 0ptim~um use



of the .aew- echol~ogy, More recently the 1)OD.Jaha brought ýNASA
into its aeronautical system procurement planning at is muh earlier
xtepL: NASA baa lo", asked by POD to ezamnne, pmpo'ed new
system requirements at a very early stage of definition...Wheo uss
of new or iuntie&hwolgy mis nosedad to meet the requirements, DOD
has asked NA,& to• develop n^w research prograsm or redirect exist-
ing ones to esabu• , e• .ue in us of the. new, technology. Nat-
%ra.ly, thisNdaws . into; research areas in greater depth than
would be the censequence of its owA reawr directed primarily at
-abliahing now V rcpm NASA ,considers these, responsestoh.

DOD to bee of Mo the Priority in its aeronautics R. & D. activities
and responds to tke maximurp extent possible.

hTese oaimenta sm ofered to. illustrate an expanding scope of
NASA aeraeutics I, X D. activities and responsibilities, whose limits
are not yet blearly defined. Clear definition should be realized on the
civil sidewth cmpletim of the NASA/DOT study of R. & D. policy.
The Aeronautics Panel of the Aeronautics and Astronautics Coordi-
nating Board conduats continuing studies of the NASA and services
R. & D. programs and recommends action to realize maximum benefit
from joint use of the resources available.

The coanmittee km expressed an interest in the impact that a space '/

shuttle development, would have on the NASA aeronautics R. & D. .'

program. there is little doubt that meeting the technical chal- -i ,
lenge..pee by RtUEl=-lii~iui ill provide major new technical f
capabi ities in many areas. Because the shuttle will be in part an
atmospheric flight vehicle, it is reasonable to assume that some of these ,
new technical capabilities -will relate directly to aeronautical prob- -
lems. If all the proposed shuttle operating requirements are to be
met, a significant amount of aeronautics technology w(- ild be in-
volved. .

In the future eowMaermble use will be made of personnel and facili-
ties now directing their attention to various aeronautics problems. At
the moment, however, the critical technology lies in determining
shapes and structures, for the shuttle which will meet launch and
atmosphere entry requirements. Study of these problems has been
carried ixL the past by personnel concerned. with space vehicle tech-
nolegy. There isno rewsn to expect an early change in this. For most
of the shuttle- conoepto proposed ;to date, a substantial amount of
information onatmospheric,flight ckaracteristics exists already: this
would be a priomary -Mepwowi'bility of the aeronautics program. Thus,
until a clear picture of the space shuttle design, emerges from study
of lamch sad entry prohlea* the impact of a s.~ace shuttle develop-
ment on the aeron~at sprogram would be anticipated to be small.

Mr. Chairman, in these comments I have attempted to describe the
aeronautics R. & D. problem as seen by NASA and typical actions
we are taking to, assist in fmdin solutions, The final answer is not
clear yet but7I consider the problem : becoming well identified and

that 1eiv stpaward sablutionk are beingtaei.
Mr. Chairman, that completes the statement I had prepared prior to

hearing previous witnesses. ,, , .1
"•. hivw! ".mr. = r comments based on-what I have heard from the
witnesses, if youiwoulddlike to heaa them now.

Mr. HrCaLm. Yes.



Mr. H~uwsk Or perhiaps the committee would ratheir develop those
through questionlng.

Mr. HucvmAt ob, I think 'perhiaps you should dewelop those now,

Meroui -Calonel -Anders! cpansizd Ohw pkmand role of the
k rut, C.LnaIouzncil in Ieading the derlliment of a na-
t oneHE and pr related to avi&taeulrogrow in this country.
NASA end~otwms o.Vbjecttive to the tlfs sshe iztent. As other
witnesss and I have emphasized, the Varmioun'aspects of aviation devel-
opment cannot, be, treated'mdependently., The tecniealý operational,
economic,' atid sicilal implicationa must be Iteiteted simultaneously. This
problem was not appreciated fully when, in the past, variou respon-
sibilities Ivre' assigned to the several branches -of the Government. It
is difficult for any one group, fully i' Iv with its own polmt
'provide the objectivity and overl view to inftegte alrelated efforts.
The NA SA/I)OT stud 'is attemnptin to ci *mvent this difficulty b.y
relieving assigned personnel of Yo2i=alduties. Completion of this
stuidy wiTll pro~vide a process which camh help the Government to deter-
mine, in a definitive manner, the consequences of any aeronsautics,
R. & D. policy it chooses to implement. The choice of poley requires
coordinatidn 4f factors beyond the purview of NASA tatd DOT. The
Aeronautics and Space Concil is in a position to consider all of these
factors and make policy recommendations. NASA anticipates con-
tinning close association with the Council with this objective in view.

Mr. Beggs made two points during his appearance that, bear impor-
tantly on-NAS A/DOT activities.

3r. Hremjui. Before you continue with MrI. Beggs.
Mr. HARrPit. Tes?
Mr. I-Teci.F2. On your point about the National Aeronautics Fuld

Space Council, it would Seem to me that this type of enunciation of
naitional policy would have to come from the PreSidential level.

Mr. HAItPtR. Yesi sir.
Mr. IIECHLSUi. In a Sense ouare almost asking-the Council to get

invlve indayto-aypoliymaking activities. Thd I misinterpret
what yon saidI

Mr. llAnwEn. Somewhat, Mr. Hecbler. Not day to day. I believe that
the study -should clinrify the imolicaitions of any nationial policy. One
could examine a policy in which -the Governme~nt would t~ke *x very
strong role in the diiection and support of air transportation. The
Atudy will-then show you the im~licationmsof this to all of the various
agencies hinvolved.'Ot' you could reverse thit proces and propose aii
involvement of aschi-of the agencies, -the Civil Aerna~aties Board,
ITTD, HVW, DOT, thd- soý on, that have Some pa~rt of this problem,
and use the' proceses develo,,ped by the study to determine *hat. the
policy Should be,

I would look at the (Goinwi1 as the gMP that-would' tke the lead in
examining theib two 'interactions, and xnakeca. verv liositive rec"In-
inendation to the President ai to what pblick w pfflicies he should con-
skier, blit nt le day.-to-day Eoriuulati6n.

Mr. T-TwHcmEr You may continue.
Mr. Hiumna To i~e~bal,Mr, Begga made twoipi~ints during his atp-

pearance that bearim rtnlonAS/ T tvtis
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He, noted thi. swious consideation is being given a joint DOT/
NASA ]L & k, adtivity patrned along the lines, of the Army-NASA
joint program desribied earlier, by, D. mine. The advantages of such
as tep'appew to be, many. A, number of NASA facilitie are equally

bfer ser gNASA or DOT needs; for example, the ASA
simulatmr•r: ty. the objeet•ves toward which the two agencies
would use he oidmbihty .r diferent. It makes a good deal of sense
for the two agencies to share the facility operational requirements in
order that each research group can conduct Yesearch to meet its spe-
cific needs. An arrangement of this nature is now under, specific ex-
amination. Mr. Beggs also pointed out the clmse interrelation between
NASA research and DOT' definedtransportation responsibilities. He
identified the different problem of leaving a research program rela-
tively free from consraints and yet making it responsive to DOT re-
quirements; he described the efforts being made to bring together the
planning activities of both aecies to obtain the best balance in the
program. NASA has found tChis joint planing to be extremely use-
fTl and considers it should be continued not only to include program
plaMing but also implementation.

Tn i "ssions with the representatives of Aerospace Industries
Association,, Mr. Perkins, and Mr. Kirsehner raised three points of
major coneem to NASA. Both representatives addressed themselves
to the question of increasing the more advanced research program of
NASA to provide data base from which development can begin. As I

_sWted inmy testimony, NASA has made a very effective step in this
direction. Nevertheless, the scope of advanced research has broadened
sufficiently in recent years so that, as yet, NASA's effort is thin in
many areas, as noted by Mr. Beggs. These speakers noted also the need
for NASA to 'become more involved in operational-related research as-
contrasted to vehicle-related research. A good start has been made in
this direction but many aspects of thir te6hology are new to NASA
and it involves relatiois with new agencies requiring new understand-
ings of relativeroles and capabilities.

Finally, both speakers touched on the "proof-of-concept" or ex-
perimental hardware dilemma and noted the absence of military
activity to lead 6i0vian development. This problem has been the
subject of mTuch debate over recent years and the answer is not yet
clear. For the present, NASA has adopted the attitude that such
efforts should be cooperative ones between the users (another agency
or the services or industry), the manufacturers, and NASA. A few ac-
tivities have developed along these lines although no generalized for-
mula fot sharing costs and effort have been established vet. It is our
general conclusion that such division is necessary if satisfactory de-
velopmentis to continue, while at the same time maintaining competi-
tive free enterprise, free from complete Government direction. An
aspect receiving special attention is that of continuing to develop
major new facilities too costly for indtstry alone to support and
nmd- by both industry and Government.

Mr. Chairman, this concludes the additional comments that I had.
Mr. HRwnrim Mr. Pelly.
Mr. Paz. Mr, Harper, it is always a pleasure to have you before

this committee.
Mr. Hmanta. Thank you.
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Mr. PuL.Y. You ar, one of my favoite witnems, I mig1t say.
I think it has beem said before, in -dierent words belo•e this sub-

commlittee,. that 10 yeirs SVg'thste -was no forseast that showe& the
growth or prlectjed Aoie and oeftgotitin. priblems,, to mp.a your
own words, or, a prediction that tht dirpofts *ou"l begin to displace
the harbor and railroad station. Was there any research goizz.on 10
years ago in theway of population increases and projected problems,
that you know of I

Mr. HAhnm There certainly was, Mr. Pelly. There are many re-
ports of a- deeade ago. ' .i , : .I : L

Mr. Pwm Theyinmiaed the boat, did they ,
Mr. l ,um To my knowledge all of the'k -underestimated the ian-

pact that air transportation would have. There is notie.that I know of
that predicts or predicted satisfactorily the, simple growth of daily
air travel.

Mr. P-R.,. Well, I asume that some agenoy of, the Government ig
at fault. I cam hardly blame it on NASA, because yu- were only or-
ganized about 10. yeass ago.

Mr. HARP=. That is correct. And NACA id -not have this as a
primary objective, although somae of this was done in an effort to guide
our own research. I think it is sprobably not quith faLi to say some
agency was at fault, since recogiition of this finally came with tV i
formation of the Departanea-t of Transportation.

Mr. PULL-r. Well, I was going to say that we didn't have a Depart-
ment of. Tranportafton.-

Mr., H"nru Yes.
Mr. PrjLJY. It i, elteir/prime responsibility now, isnrt it, to identify

the problems of the futux,, and then call on you for help in research iii
overcoming theb ?,

Mr. HARmER. That is correct. They have the prime- kesponsibility of
definiIgthe requirements that air transportation thas to meet. These
are then givento -NASA,, who.picks up the responsiiity of develop-
ing the technology that will meet -these requirements, or enabie .the
requiremieqts tolbý,met,._ r

Mr. PuEuu. Well,.the purpose of the study that you, are heading is
to discover what:thepioblems are going to be ahdthe research that is
going to-be neeessary--does that stm- up exactlty the joint study of
DOT andiNASAM . ! . -: _.... z. /.-// . f ..... . I

Mr, Hsimm. Well, that is, perhaps a slightly, asaow. definition of- it_
Mr. Pellp..lMV of the; points, that thas been olear4 4ax the work toward
developing this- study- hsa continuedý, is -the, mibny 4Uhe, groups that
should -bie iardl-vd in consideration of 'policy beyond, just DOT. and
NASA, Certainl** HUD, oertainly.-H. W,*; certainly. the. Civil t Aero-
nt~icsB•i. •lThew all have hadkiverylimportantlimpacton the w.y
air transpo.itim developed TThere has-.ben-no proce•s .-developed in
the paI , by-,which , thelinfluence: of bhese -vhaious gwwpqs couIld be
brought, together -and- iutegrhtdl,4 arkive at defwiitg. ai path to fola-
low. This is a very primarVobjective otthisst ldyo shylw or toldefine
cli of Ithe `various groups- that eshould 1* involved, to defemo, their iftn-
pact, in a way that one striving to reach a6ldicyiam be emre heihas
inchided &Al :o the factoro invoLved and not overlbokeil some;!as %as
done a decade or more ago. . .

,I_,__________ ,
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Mr. ,Puu.my. To whom does the joint study reportI To the President
or to. the,-

Mr. HARER, No, the Joint study reports in the end w Dr. Paine and
Secretary Volpe. They of course are ýnot intimately ifvolved in it at
this point. The Asgistant eeretary for Research and Technology in
the D ýpartment of Transportation anti. myself head the day-to-day
center of focus,

Mr. PELLY. Then it is probably not going to have too much influence
on, the direction of the 1971 budget of the President I

Mr. HARPER. Well not as a consequence of the study, bub in prepara-
tion for the development of the study, in! defining the process by which
such policies wivl 'be reached, we. found ý,t immediately necessary to-
examine the plaus of DOT and NAS.-A in a& much closer way than we
had ever done before. We have reviewed each other's programs in ex-
treme depth and submitted to the Bureau of the Budget, for example,
a coordinated program between the two of us which reflects both DOT's
long-range views of air transportation requirements at this time and
NASA's research and technology program, ;

Mr. PELLY. You ,,ertainly don't have any difficulty identifying prob-
lems at the moment ?

Mr. HaRPER. No.
Mr. PaLLY. Every college 'campus apparently has a group now that

is vitally interested ii: quality environment?
Mr. HtARPER. Yes, I :
Mr. PzLL. And I am sure that they are interested in the abatement

of noise?
Mr. HARPER. Yes.
Mr. PELLY. The pollution-antipollution, and all of the things you

are working on. I should think you would have an awful lot of public
support for your-wmrk? i

Mr. HARPER. It has been quite interesting, relating to the question
raised by Mr. Goldwater earlier, that we' have been asked to discuss
with the colleges some of the unsolved aeronautical R..& D. problems
that we isee. Jugt last week I talked to the University: of Maryland
Engineering College, Two- tbings have, _been quite interesting to me.
One is to 'fnd. the students quite surprised tor see the number of very
difficult tichnical problems •that remain in aeronautics. They had the
impression that this science had matured and there was very !,ttle to do.
The other was the pointyou worezxaising, Mr. Pe~ly. Engineering stu-
dents showed great interest in the social implieetions of what they are,
doing ratherp-tha strictly technical implications ind these two seemed
to come toget]er in aeronautical engint4ring in avery interesting way
for them . ., - ,. , , :' .. , , , ; .

Mr. PELLY. I have had some correspondence since the, House passed
the :appk'opriations bill with. the $95 ýmitlion for the. SST,'and I think
that some of these people who vote didn't have full information orr it
because they talked about saumkeand, noise iand ,dther thing which
you havebeen .working on and. certainltyl in' second generation expect
great improvements, do you not?

XMr, HARM Yes5,th&a is correctl, Nk Pellyi. xis quite ciear,.I'think
that for a major step in technology, sueh as the 6ST, rip~resents it would
be foolish to risk carrying the technology farther 'than you had to to
meet a minimum set ol satisfactory requirements. Beyondthat; just' as
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was the case for the subsonic jet transports, you can see many advances
in the aircraft which will make it a much more effective aircraft, but
not advances that youwould inqorpoijate in a first dei•gn.

Mr. PrLL?. Well' I certainly have enjoyed your testimony here to-
day and will say tbat I hop6 you amr-ing to fight for adequate re-
search funds for aeronautics. I think it is one of the vital programs
today that is needed in this country. I am glad you are heading up this
work. . y hi

Mr. HARna Thank you, Mr, Pelly, We lappreciate your support.
Mr. HzcmLz& Mr, Goldwater. 1 .,
Mr. GozwATNm. Mr. Harper, it seems that the industry in this whole

effort of research; and development seems to be working on certain con-
jectures and certain assumptioni of, what the actual need is or will be in
the future. I think from your testimony I "atume you agree with Mr.
Kirschner that an o&erall system meeds to be developed and an over-

llI plan, giving projections for the needs of the future. I know there
are an awful lot of studies being made in this area from different di-
rections and by different agencies. How close are we to realizing an
overallplant

Mr. HAnPF.R. I would doubt, Mr. Goldwater, that we will ever reach
the point where we have a single overall plan that will extend very
far into the future. I am sure this NASA-DOT study will represent
just one first cycle. It will be reevaluated as the technology changes and
as the national requirements change. That is why I feel it is very im-
portant to recoWniae this study as perhaps most useful in developing a
process to do this in a most rigorous manner rather than arriving at a
final, fixed-forever, decision.

The question of how fast we will begin to solve these problem.s is cer-
tainly an extremely difficult one. I think Mr. Kirschner discussed the
difficulty of bringing full blown into being a V/STOL transportation
system.

I myself doubt that. it will ever be aceomplished this way. It is too
bigeoav .inytitmett and too big ariek to take in one step. It seems toihs far flobs, likely that, circumistances suleh, as the Waghington-New
York air, tasotation problem will: begin 4o bring -ýnto use, smaller.
sloe-er,1 aifttaft,,but iwhioh *n op'ermte in, a way that ictually reduces,
tit NTew X46*-Wash'n" travel time. They will begin to operate
oa parts of airports adjacent to the main ruwy.Perhaps they will
develop a. special STOL port here and there. And the program willevole fom strt lke hat raher hana xery.mudei !step into a
M sASA has beenp mvious years and

prtty much I think the reason the FAA has come to agree that it is
going to be an evolutionary proces.

Mr. GoLwAT ,In other words, we really can't truly be that far-
MIr. HAimj. I doubt that we can. And even if we could, I doubt

that it would be beSt totry to itroduce a new transportation system
abruptly, .
. Mr. "AT•nM. In other worda-I can speak from a certain amount

of knewledgeof Log'Angeles, where they lhave a tremendous number
of conimuter airlinegusinw•--

Mr. GOVWA'a. Y.Fi
Mr. GoLDWATER. Fairchild P'-27, is it I
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Mr. IHx•rms. Twin Otter.
Mr. GOLDWAmm, Twin Otter. They use it very extensively. It makes

possible a very successful commuter airline type system, all over a very
large area. It seems to me the next step then would be, instead of using
outlying airports, to actually use downtown helioports or building-
top platforms. Waybe perhaps this is the way thA industry will always
proce*d .

Mr. HAai-w. I think it will tend to evolve that way, rather than
take a revolutionary step. One of the questions that certainly fSces
everyone now in consider ation of STOL operation in the city centes
is the construction of a STOL poir. It seems very difficult with land
values As tbey aw withim a city to use area for that purpose alone. It
becomes much more attractive to consider a complex, a building whose
operations inside depend very n1lch, on air transportation, and thenput the STOL port on top of t1le bidildjng.•

We have a qu-estion of deciding •iust wat sort of business would be
contained within the buil~dig, so it would almost support itself, and
a STOL port would not hare to pay for the cost of absorbing that
_much land siace "na cit_• _These r• of problems are part of what are
being stiud•. by the .OT•-•S. group. itisnecessary to begin
to envision the interaction between business as it is carried on in a
city and the air transportation system before you can decide how
these things should d6veiop, .

Mr. HEcmztL Do you have a basic charter or set, of "nstructionathat
the NASA-DOT group has enunciated as the purl •es of their study
or direction of it .

Mr. I-"Pnn. Yes. I might eyen say, r. Hecl.t,. we have several.
Mr. H1Ecmxt. The Comm-ttee would like for thv. record some more

formal' statement if you have such that indicates just what they are
supposed to be doing and what direotion they are going.

Mr. HiAPr. All rigt. We will give you the latest stage of develop-
ment of this.

Mr. Uccuum. Fine.
(The requested, material follows !),

INTRODUCTION

On August 6, 1969, a memorandum wjas cosi ed, by, the. Chairman (Mr. Secor
Browne)- and the Vice-Chikfli*h '"Q-t.Vi1ies .Hrper) of the Matnagement
Committee, directing the execution. of ýtiiijoint study. TIe direction authorized
the Executive Director t6 begin stuu*rtI the, study and Soliciting the best
qualified sUpport whether in gdto~knje1k. t fldtoidtdtry. .

On Sbpteufl*r,8, kW, tkieUnder'S a-y, DOT'pro ided-the Chairman of the
Subcommittee woAd~abeed r tvanim o Op,o with tihe basic charter for
the study and-a 1 ottieftiin, tti.dl2 !trodci'idg the charter (copy attached).

Co-•veaut with the reeommehdations of theiC&omittee on Aeronautir.I and
Space Sciences, is Iptase Report, 95, the overall Objectves of thle study are:

(q) -To aIyse -tJ• retiaomaship, betwkes benefits that Accrue to the nation
from civil aviation amd thei vel of anmeaielre h and deVelopment effort.
1 0): To determine or devWeperiteria for determinnignthe level of civil aeronau-
tical research and development required to maintain• U.. leadership in civil
aviation la-te future., ; ,(c) To identify what poiztoa of elidl aviation R&D should be sponsored by
the government.

(W) To analaze the divergence and' commonality of military and clvil aero.
nautieat requilamasta and assess. t•e trends of benefits -to civilian needs front
military R&D.



(e) To identify civil aviation R&D anticipated to be Undertiken in the private
sewtor (to the end that OivAl avia~iou. •D efefta of o0tAh )qblie and pdvate
sor can owed ti .n ovepra# p0ncOntext).

Tbeq wlmie conduct of h sPu4y will be iterative in zgturq, qbsorbing available
Information out of the e stihig activities, and being addressede by men of sufficient
stature to exercise mature judgment. The first cycle will be largely intulfii'e, with
the seeemd much more rigoseus and ftih third cycle addressed t0 critical gaps.
. The Approach to execution0 of: the, tidy recognUes that .within the various
aencies of the government and orpu.ztions rpresentipg industry resides a
"wealth'of informatioh, analy i 'repiorqs, and., •r es which can be
*usnd to structure tlad s*nntitii evaalAtthh relative ests without necesSarily

hixitlMaig newi programs. '-Tkemzedre the ,assignment has. been solicited of well
.gpalified tOpp levelO gWo et At raos In four working. areas whose day-
to-day tesponusbiltUfes c•0sely parageý: tI o .chracterist~c problems that wlU be
'addtetmad by the worilng grou4, under thir directio po h

As their first activity, the stalt Of the Study group adid the designated working
area study directors awe structuring the ipeific tasks Within ektch of the major
areas. Th basic framework within!which that effort is developing is as follows:

(a) p1pojcted civil air transportatlon need and Objectiyea will be Ideltffled
1Wi fbur categoribs, random System' (general aviation), shgrt-halll systqms, long-
haul dOmestic atd ishg.~l~a1•• interni balAý, set of- hypothetical civil aviation
systems will 'be defined- whfih appear Iest suited t6. meet these needs and objec-
,tives. Groumd: Iansportatie -air terminnal access and egress as well as airways,
airport , air vehicles and. te, air Olght Itself will-be taken Into consideration.

(b) 'Critical'techhologles (social as well as phySiqal) will be Identified for
the elements of promising systems. The level of research aMd development effort
necesary 'to provide' the required technology and proof-of-concept will, be esti-

(e) The benefits which would accrue as the result of implementation of the
promising systems will be ldpntiied. These bpnefits will be evaluated againlt the
plrtioh of the costs associated with: the research and devel9pment activitieq%

(d) V*rioisresearch aid "de elojiMet activities which appear appropriate
to, be sponesred by the Moyetnment will be identified, taking into consideration
the level of eftrt.,reqiqr*d to mset tranmportation heeds and requirements, the
level of effort required to maWtaia leadership in civil aviation, and the related
cvil. reserch and developmint contributions derived from the military .programs.

In the final stages of the study, a higher proportion of the effort wIln be
addressed to evaluation of benefits, identification of management optionsf for
organization and financing, and suggesting.elements of policy recommendiltions
for sets of conditions which have been developed.

PROGRESS SUMMARY

n Zpt er. .th •te.thefollowing progress

h a e o e , i stud astablished and the
Erctive •Director• (Mr, Lawreice Gr~en.e) proceeded to identify the resource
reulem for ti•frnc._onsl orgaltOna, and proceed to fully structure
the study In m+acco, rdan w the D V, SA interagncy..agreement..

Atuy nn.eews d evelo..ped t, r the resources of the
National Academy of Englneering. The Committee membership is now estab-
lished with 21 members repwstating top level management leaders in the total
transportation community. The next meeting of this Committee is scheduled
for P)omber -18, 19 :wbm their advice and counsel will be solicited after
reviewing the study o0g:isatIMo, program structuring, and progress to that date.. (0). Working Groups Dir'ector have been identified for the three prima~ry Areas
o• _ro~autjeal y ehiseles, aiport symtems, end airway .ystem8.+

,(• )Qu November 2. :1969. the Departement of Defense,(Dr,. John B. Foster,
Jr.) aeknowieqls4 .te POT/NASA invitation to .peetieijiate in the study and
agreed to supply the desired personnel and material support. Negotiations are
.Uow u4Meway to 0eet ,t01 e mili. t ryaviation experts for fulltme duty with
the study organization.

(a) To pr•vide representatiowifrom the Civil Aeronautics Board, an Ilnvita-
Amon to perticpant. was.forwarded to the Chairman on November 12, 1969.'Ne-



gotiationa are now underway ýtoprovide a! tull-done CAR member to the study
group.

(f) Two contractor support effifts -ate now underway. Boos-Allen, Inc. to
under. cp tract to c~omplete the "Hlno~pl, Beipefits Study" covering the aero-

%.ut _0* bid 4e O1puent ist~o-J ence 1945; developling assessment
tools fop .v,, tt~nz le hefits' acrt'led from those tnvistments, end validating

those ~ f~ -~ t frieagieftr aeronautical R&D program pro-Jithoase sik1u %5~a wre416o Operations Researceh, Inc. to per-
fori t~9 f~it in 0rgalvtpos w ith the ituo. This will i~clude

the bfe~ 46.~~a " etoorks, ma ement 1ielwoVr, rb-
tar 9* n ndisla ohs a% Otv. Igthe full-time staff assigned to

Mr. 1AW*`ceV , who also on. as the 6tudy! lrogrgm Manager. This
sItaff lbeopiioeM of bt# D J!1WABfUll-tbnekoVeuit epies (ten). Since
late &1' 0*be,' hIS gzý&ap baubets Web ol~idI strueturftg the itudr to Include

deeopn 1) ah pe1c taiift brw the WbhMifg roujas, (2) a technology assess-
ment Iof AT . ik'tiheeiab-flfty and 1ro1eetloszsoCfuttre teehraiog' godbuand objec-
ttves, MS) the 6dlifivihtion or Vasnt,'eI rt and future activitle'itid studies rele-
vant to this study,. (4) the Initial =09t os of the staidy 'to validate the selected

methdolg~'and(5)implement the plans for protravimanagement. and con-
tro to~disv t~oý ctves of thei Study.

OOwUa OVTH 'fS StMSART' ok TRANSP'ORTATION,
WauuiW60to, D.C.; Au gitW 6, 1969.

Mr. LAwuEKCz P. GmnENE,
Exeomfive Direoto,', Oftil Aistift onR.&D. Poft, Stuft, D)0v!etnut~of Traftepor-

taoe Wahsto DX.t
DrnM an~ III an exchange -of letters on April 25, 19,M.James M.

Beggs, Unader, Sedeto I and flr. I ho~ 0. Paine, Administrator, NASA, agreed
on a general approach 46 a 4oint, fndet= studay ofthe natdre ;st and benefits
vvbkch accrue fro VlW'AvljatInUra eseah dtd Demelopmesal Th attachment,
transmitted'hetrvwith,'Is an expansion of the orgIntl agpeement-Wiach has been
developed through a qoQrdinated effort of our offices, It rpsets the impic-
mentatiolplatit ibe the ovei'4ll 'managerthent of the Study..You ame here Iby iiierited 'to proceed with tiae etecution of this study. You are
to coeslder ldiii ltter' the authority to solet, the nece~fr7 support from other
elemntonti f 'the DOT, -NASA, n' oe"gYraa aece on 'bebalf of the
Mbeafttienet 06nimittee. Iit addition Y'6u should keep in mind the Importance of
getting the bestý clW~tl~ld eOh&%t~ibutf t6 'tIs effort t&#fieter *b* gover'nment or
Inidusttr'. ouaeao nt'itdto, intiate coordination with Dr. H. Guyford
Stever, Presiddit, Catnegie.Mellon University, who has agreed to serve as Chair-
man ofl the: 8t1'AdVIsoty 0aaiamttee.

Finally, althotzgli' t1e cftplete sftdy Is expected to take approxfmately I8
months to complete, the Wsportanee of' providing immediate assistance to the
two agencies In developing their prorams of Aeronautical Research and Devel-
opment cannot be overemphabi*W Amcorfrgly, you are asked to be prepared

to~~~~ ~~ cotiuet h at ad ,4dentlficatiou of aviation. oriented research
andi dev4)pmneut prgra of. th proposed P'Y 1971 bu~dget when It is submitted
to the BI k64 of tbe'VL t~tF~~ ex

The crihticl mueatoes 11fortettia styshlbe.S tbg P. 1969 for the
full structuring of thle pro da the first review with tl~e 3tdy ~Advisory
Committee, Ap 1004, f~or io= tributions to thp " WY l'budlget devel-
opment, adSW v~eiiber ao, J i7O si agnihca~t oonributlow to the submittal
and mubs84WIatlqn of 4the WY IM bdget. It Is Intended that the_4Wox elements
Secrtairsuy I no Ito tecommzendatlona shall, be avillat~p for; seview with the

o 'rau Wlrt io 0~4 ý'44m1nlustrator, ational Ae utiaqe and

Sincerely, ' te* Wejjdi ca yeafr I07()
'CE.&RTS W. H.&nrxn,

DepMp~oodt~4u~a'tW$Gr (Aeroneitho), OA~R,.VYA8A,
V~eOhairma'tdtat.#,* X2 4'D. P*o#o Studsi.

M~see .~r.rfor swere rd~Tokohiouf
Attachment Nv~04il Aviztfoný, R, A D. Pft.Ovj
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Cim AviATow RvnAwx aW: Du m mizxT PoLxcy

The Senati CVýmmlttee on Aerio6nt(c and Spate Slence and later thi
House Rub mai0ltte on Advanced Research and technology, highlighted the

~dfo~a~1Lpatlnal oliy tn aronutichl research and development,
4inge•.s•iy uore6•_ cphve and co..polley In the area ofoveralloansrtafon w . The

th:~P.,mentor~~a~rthe ailica Ar niAnd Space
Adi stntiu a d undertake an ,•lnepth study of the iwlatoAsop between
the beneAit• ,Ib~± acce to the N•ation •Crow.ei~vil aviaion • the level of aero-
na&tial reae 1bud 4ev.9iow~eut efatn ,his study ahquld try to determine

(nlr t e a 4MiU a of t veeney of military
at..dee whc t~ej 4

t l
bned ivf it esqlreients -Ua order to toes bettpr the diminising

Sbpned ota t o.v.ned rm iiar &aubdequent recomnendatlou the Menate Aerautical
a meeting on May 2,18,at hIhit was Ypooe bMr. Webb that the

Department of.Tranapontation tab-0the lead Lu developing a plan for carrying
out the JoWt.WOT/NA"& study effort. The Importance of participation by the
Department of Defense was also recognised.
SThe Bureau of tO pdwet hba ais@ displayed a keen Interest in the creation
of a unrifed civil aviation research and development policy, especially as it
Includes co sidei uoa of the level of Wfort and makeup of. the coordinated civil
aviatlo. 1b 004 dqevelopmen. progra1o p that -s required by the Nation. In
this 6tOo, It Is Important to, idepnfy not only what portion of the
.resp. operl- r •.lo" this researeh and development should be assigned
to the y ,nbut a. p whatthe dlviMon of this portion should be between
the var a•i a .. 0ta0fthe 4bvernmeeut.

In Ihto these considerations, the Department of Transportation and the
National Aeronautics an4 'Sqe.A mInistrallou have outlined a study plan for
the develP'mn e•'tf o. compeheasive and coherent national policy for eivil avia-
tlni re i •id development Implementation 9f this plan will lead to the
litenteoj cieil aviati r and vemmt pogram e nded
Tor 8ponalul yteEdr1Gvrnet eaeIr~rb n development
antlelpat. ob aetknI h rvt co ilb inhl Identified to
the end tt .tbe civil astlon.e ,aad develolmnt efforts of both the
public and private sector can be viewed in aL oel t al centent.

This.p..e q tipe,.the stady plan, remmeud p method •f impementation,

i'"h,.l)ift' O4 in Is W!ematilly tye Fn m 1. For ease of

dl•i•m, the pli has hir divided Ibtoeour 7.ep'",*be trot of which is aimed
at defining the pro.jected civil aviation'q f otto requirents fn relation
t •. e ?qtec: fra teq .retn nts. ' / ,

" he• I �h eei•- Ildetitt"the several ' .of el".l .Vi•tion systems which
'The third se1 p* "fye tese system. t..I her and wht R are

appar h~hl&UI'y a o1ethr~ best 'uttoa~ f ther todwhtl R &Duareet.
limiting f*et In *ecb•;'n. operatlonal capab of tbese new air transporta-
tfon .Mtd TWO limspo•t'at Inputs o these analyses *iII be provided by thestudy of 2 kort•oIeal4 btneftsof M&b to the advancement of civil aviation andthe study of the spin-ot fr-omti military R&D to Civilian Applications.

I Hearing M eo RA W and De=elOmeut Policy hekl lgore the Committee
oneat i pe�It Se. cee. aUnitd 3t. i eft 6atieth cingr.es, First See-
sio 0eqq4 n ee,2 92 e . • .•• •pDevelment held before the Subcommittee onoAvaned e.sp ea-_b a .Tech 6O, C e op pnd Astronautice, U.S. House
of Repsiq s km, lftnsitwh ongmieu, Dos , her 24, 25, 26, 80; October

Ws%= l~o. 957'. "Aeronmutical Research and Development Poffec,, january' Si.
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The fourth step in the study plan will be to analyze the resulting R&D require-
ments in terms of the rate at which they are satisfied depending upon the level
of effort of R&D. In addition, this last step In the study will identify the appro-
priate distribution of R&D efforts among the more desirable aviation systems
and between Government industry, and universities. Finally, there will be the
determination of the distribution of the Government's portion of the effort be-
tween DOT, NASA, and DOD.

It is noted on Figure 1 that a number of feedback loops are provided between
the several phases of the study and that mission and systems integration and
analysis is provided for as required in proceeding from one phase to another. It
is anticipated also that additional supporting studies and analyses may be re-
quired for the successful performance of this overall operation. While these
studies are not defined at this time, the probability is acknowledged by the block,
"Supporting Studies and Analyses", shown on Figure 1.

CIVIL AVIATION NIl POLCY0tiye$U

Finally, It should be noted that this study is actually a very important part of
a larger transportation systems study. As such, the results from .this study, as
well as the treatment of an integrated transportation system will be repeatedly
evaluated as they become available to insure compatibility. Initially, however, the
civil aviation R& study will make use of existing traffic forecasts. It will, of
course, be necessary to examine critically these forecasts to assure that they give
all possible consideration to the impact of new technology and to assure that they
are based on the estimated role of air transportation in the context of an over-all
transportation system rather than as an independent part.

IMPIZMK NT[NG THE PLW

Implementation of the process briefly described in the foregoing paragraphbs
will be accomplished through a combination of in-house efforts, contract efforts,
and committee activities. Responsibility for the over-all management and co-
ordination of the effort will be assigned to a Management Committee. Specific
studies will be carried out by appropriate Working Groups reporting to the
Management Committee; staff support to the Management Committee will be
provided by a Mission and Systems Analysis Group; and the Management Coin-
mnittee will be provided with expert and broad advice and counsel In the conduct
of the study by a Study Advisory Committee (see Figure 2).

The Menageinea Committee
The Assistant Secretary for Research and TDechnology, DOT, will be Chairman

of the Management Committee and the Deputy Associate Administrator for Ad-
vanced Research and Technology, Aeronautics, NASA, the Vice Chairman.
Through these two positions the total program will be under the joint aegis of the
Administrator of NASA and the Secretary of Transportation. The third member
of the Management Committee will be the Executive Director (Program Man-
ager) of the study. He will be assigned full time responsibility for the execution

88-481 O--TO------9

• _ _ ,
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and control of this study and will be responsible, on behalf of the Chairman and
Vice Chairman, for the over-all planning, coordinatin and integration of the
various efforts required to effect the Implementation. The remaining complement
of the Management Committee shall consist of selected Working Group Study
Directors (to be determined) and the Chairman of the Study Advisory Corm-
mittee (Ex offico).

'The Executive Director will serve as personal agent for the Chairman and
Vice Chairman in matters pertaining to the execution of this study and will
assist them In the reporting to, and coordination with, the Administrator (NASA)
and Secretary (DOT), the Study Advisory Oommittee, the National Aeronautics
and Space Council, the Senate Staff and such other persons or orlanisations
which shall be designated. He will exercise prerogative on behalf of the Chairman
and Vice Chairman in the following ways:

"CIVIL AVIATION R&D POLICY STUDY

UMAK09W MUM=0

MM AMM

nmlAHT "=MIY F=
nuS(m a IICtWOLY, go?

fOMeJJA aMM n0?

1. Establish scope of working group studies to be accomplished.
2. Establish schedules and budgets for in-house and contract work in support

of studies, monitor performance, direct, redirect, and control the various efforts
necesseary to complete this study.

& Define and recommend implementing procedures for in-house vs. contract
activity and control the assignment of contracted effort.

4. Select and assign (in coordination with the Chairman and Vice Chairman)
Working Group Study Directors.

5. Review and coordinate the efforts of the designated study (working group)
directors.

6. Continually reassess the progress of the program, maintaining particular
cognlaance over the Integration and evaluation of the results In comparison to
identified requirements.

7. Assure that broad, unbiased, contributions are provided to the study efforts
to assure proper identification and understanding of the relative roles which

MIA
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DOT, NASA, DOD, other Government agencies and Industry should play In this
vital work and will coordinate such activities with the other Government agen-
cens Involved.

& Review, develom and recommend to the Chairman/Vice Chairman proce-
dures, programs, and subjects for evaluation by the Study Advisory Committee.

The Executive Director (Program Manager) will have administrative respon-
sibility for a small staff (the Mission and System Analysis Group, see below) to
assist him in the day-to-day study management, to define the interface rela-
tionships between elements of the study, as well an between other related tech-
nologies, programs, and transportation requirements, and to carry out systems
analyses and integration of the various elements of the over-all study.

Study Advisory Coumnittee
The Study Advisory Committee will be established to provide the Chairman

and Vice Chairman of the study with expert and broad advice and counsel in
the conduct of the study. To insure the achievement of this end, the Committee
will be formed utilizing the National Academy of Engineering and will be con-
stituted with top level leaders in the air transportation field, from other Gov-
ernment agencies, industry, and universities. The Committee will meet period-
ically to review the status and progress of the over-all study activity and Its many
separate elements, and will advise the Management Committee of its views on
these matters as well as content of the study. The Chairman of the Advisory
Committee will serve on the Management Committee in an es-offDio capacity and
thus will be kept in very close touch with the over-all study and Its many ele-
ments. In selecting representatives from the private sector to serve on the Advi-
sory Committee, the views of a number of private organizations will be solicited
in seeking individuals of competence and recognized stature. These organiza-
tions include the Air Transport Association, representing the airline Industry;
the Aircraft Owners and Pilots Association, representing the "general aviation!"
users; the Aircraft Industries Association, representing the vehicle manufac-
turers; the Electronics Industries Association, representing the electronics man-
ufacturers; the Airport Operators Council, representing the airport interests; the
National Academy of Sciences, representing the scientific community.
Wor-king Groups

Working Groups will be formed to carry out specific elements of the over-all
study as may be required. Typical Working Groups are Identified in Figure 2; the
Groups shown there are representative of those which wiLl be formed, and not
necessarily all-inclusive. Certain of the study elements shown on the figure have
already commenced, either to meet other related responsibilities of the Depart-
meat of Transportation and the National Aeronautics and Space Administration,
or to anticipate the requirements of this plan and attempt to shorten lead times
necessary for Its accomplishment.

Working Group Directors will be from DOT or NASA, as appropriate, chosen
by the Executive Director in coordination with the Chairman and Vice Chair-
man. All working group directors will assist in the overall study definition,
Implementation, and integration through the auspices of the Executive Di-
rector's Staff Thus, they shall be well informed about the definition of tasks
and boundary conditions, the values of the outputs, and the importance of
the resuts.

It Is planned that the working groups will have representation from not only
DOT and NASA, but also from the Department of Defense -and other appropriate
government bodies. In addition, expert help from the private sector will be
sought, as appropriate, with individuals serving on a paid-consultant basis and
contracts awarded to groups as needed for specific tasks.
Mission and System Ansalysi Group

While each of the study elements will have a specified set of outputs, none of
them can be conducted without some consideration of the other system elements.
For instance, the air traffic control study cannot be conducted without considers-
tion of vheteles, airports, and noise. As a result, two things become obvious.
First, careful and guided coordination between study efforts will be required;
and second, each of the studies in each phase of the total program, will have
some Input to the other areas of study (crows talk). As an example, in the
activity pertinent to the R&D Requirements block, critical information per-
taining to vehicles will come, not only from the systems integration and analysis,
but will also be provided by studies on noise, air traffic control, safety, etc.
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To assure this Integration at all phases of the study, the Mission and Systems
Analysis Group Will be formed. It will consist of a small number of full-time
DOT and NASA personnel of appropriate technical expertise, augmented by
part-time support, as required, from these and other agencies as well as, the
private sector. It will be supported by contracted effort and designated in-
house assignments to functional elements of the parent organizations, as re-
quired. The Mission and Systems Analysis Group will be directed by the Exec-
utive Director of the over-all study and the group will thus serve the Manage-
ment Committee as its Immediate staff.
Study Schedule

The length of time for carrying out the study should be about fifteen months.
Allowing three months for the study to become fully activated, this results In
a time period of eighteen months to accomplish the total task described in this
paper. Preliminary results should be available for the FY 1972 budget exercise.
Execution of the work shall be in an iterative manner (Figure 1). Successive
steps of determination of requirements, comparison of technological capability,
identification of system concepts, analysis, comparison of results to original re-
quirements, redefinition as necessary until the final determination of char-
acter, level of effort, and distribution of effort between various departments of
government, academia, and industry is recommended.

SWMJSER 8, 1969.
Honorable KzN H=CHiL,
Chairman, Subcorwsittee on Advanced Research and Technology, Committee on

Soience and Astronautics, House of Representatives, Washington, D.C.
Dz" Ma. H=cLnr: In view of your deep interest in applying advanced tech-

nology to the total field of transportation, I felt it would -be worthwhile to
call your attention to the joint Department of Transportation (DOT) /National
Aeronautics and Space Administration (NASA) Civil Aviation R&D Policy
Study which we have recently initiated. I know that your Subcommittee on Ad-
vanced Research and Technology was instrumental in suggesting action on this
subject. Furthermore, I know that you have been an active advocate of such
effort.

The need for development of a well-defined relationship between government
and Industry, and between various government agencies Involved in aviation
development is clear. This, of course, concerns primarily the DOT and the
NASA but also involves the Departments of Defense (DOD) and Commerce,
as well as other executive departments, and the private sector of our manu-
facturing and operating Industry. I am extremely enthusiastic about the pros-
pects for developing a national plan for the enhancement of all civil aviation
as a result of this study effort.

We have constructed an approach that we believe will consciously exam-
ine sufficient alternatives to give credence to the recommendations for Federal
Policy. Because of this, it will require adequate time to complete and provide
significant results upon which to base such recommendations. The scope of this
study covers the entire aviation complex of air vehicles, airways and airports.
Because of its br( idth and the importance of conscious examination of the bene-
fits and costs, we have set out an 18-month schedule for this study. We are
not content to wait that long for any results, however, and expect that the
study will produce preliminary results for review with your staff at periodic inter-
vals. We are encouraging Mr. L. P. Greene, the Executive Director of the study,
to maintain direct contact with the staffs of the interested committees of both
the Senate and the House.

The Department recognizes the responsibility to pursue identification and en-
courage development of a truly balanced total transportation network, fully
integrated betwen modes, making it possible and attractive for the user to exer-
cise viable options. Transportation represents the arteries of our society, mak-
ing It possible for our life blood (goods and services) to be distributed to the
benefit of our total well-being. It is one of the means to greater opportunity and
cultural development. I feel that the effort embodied in the joint civil aviation
R&D study represents one major step toward realizing these objectives.

In each case, I take action to notify the principals of committees in-
volved In the transportation program, I am forwarding the management di-
rective through which this team Is operating. You will note from the cover
letter, our Instructions are clear to have continuing evaluation of the content
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and progress of the study. I invite any comments which you might be moved
to offer.

Sincerely,
JAMES M. Bwos.

Mr. HARPzR. I would point out this is a very difficult job. It has been
tried by many people. Each time it has failed because some one group
has tended to make assumptions that slanted in their direction. The
effort here is to very carefully assure ourselves that we are not making
untenable assumptions.

Mr. HECHLR- ow you were here when Mr. Perkins testified, and I
think he stated quite graphically the frustrations involved in the field
to freeze a particular type of V,/STOL development.

Mr. HAuPm. Yes, sir.
Mr. HMcHi. This is just one small piece of a very, very large prob-

lem. Now you are a man who is not easily frustrated. Can you give us
some example of areas that concern you in the aeronautics field, in the
absence of a definite policy ?

Mr. HAupFm Well, when you say "concern," do you mean areas that
we have chosen in the absence of a policy to pursue in any event?

Mr. HECHT R. Well, what I was really seeking for was areas where
you failed to make progress or there has been lack of activity or sup-
port by reason of the absence of a definite type of decision or leader-
ship as was pointed out in V/STOL by Mr. Perkins.

Mr. HAPim. Well, in the broadest possible sense I would think the
question of the extent to which general aviation and general aviation
now including not only the private pilot but the charter or taxi op-
eration-the extent to which that will become a significant part of our
transportation system and therefore the extent to which the Govern-
ment should support it. To date the actual investment in R. & D.
through the Government has been very, very low in this area compared
to the emphasis in other areas, and yet it is one of the most rapidly
growin acets of air transportation in the country. You have on the
one hand the extremist who says that is only useful to the very wealthy
man or to the major companies and Government should not have to
provide support. On the other extreme is the observation that it will
become very key as a short-haul transportation link feeding major
trunklines. There is no decision but a great deal of argument here as to
what role if any the Government should play in supporting the whole
field of general aviation.

To get more specific, there are certainly the questions that Mr.
Perkins and Mr. Kirschner raised about the difficulty of choosing
between the many competing types of STOL and V/STOL aircraft.
The STOL aircraft are closer to operational status if you consider
them as a propeller-driven type. The airlines say they never want to
return to propeller-driven aircraft. One is a fact and the other is
an objective conclusion, and we are searching for some way to define
right now for the airlines whether propeller-driven aircraft would
really prevent passenger use the way they say. For that reason they
have pressed us to accelerate the development of let STOL very
rapidly, so they can maintain the long overhaul periods and the case
of operating jet aircraft.

The choice between the various V/STOL aircraft modes is depend-
ent very much on whether you expect to see a city acceptance of this
or whether it is going to operate on more outlying districts. And this
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is the kind of a question that needs yet to be answered by longer dis-cussions with such groups as the New York Port Authority, in order
for us to define where we should most emphasize the technology.

Mr. H-I a I recall about 30 years ago a hearing of the Senate
Appropriations Committee being chaired by Senator McKellar of
Teinessee, and the witness was the Director of the Bureau of the
Budget, Harold Smith, and Senator McKellar asked him "How many
positions do you have in the Bureau of the Budget that are devoted to
research I" And very quickly the Director of theBureau of the Budget
answered "None." Senator McKellar smiled triumphantly as though
he had killed some particular snake, and he said "Good. Good. Thank
you."

Now I wonder how much the activity of NASA is really devoted
not so much to examining particular power systems or machines or
types of aircraft, but is reaily devoted to planning and forecasting
requirements, in other words, thinking ? I might say that my attitude
is somewhat different from Senator McKellar on this. So I would
hope you don't say triumphantly that you have nobody who devotes
his time to thinking.

On page 12 of your statement, where you answer this question, I
notice that you mentioned that DOD brings NASA into its aero-
nautical system procurement and planning at an early stage, and
NASA asks DOD to examine proposed new system requirements.
Well, this is militaryI

Mr. HAM Yes
Mr. HzcHIvz I assume DOT would do this on the civilian side.

But does this merely mean that NASA with respect to both military
and civilian responds to outside agency requests, or how much of your
activity really is devoted to forecasting and planning requirements in
this very critical area of aeronautics?

Mr. mtpwzL A considerable amount of our activity relates to this
in various degrees. The Mission Analysis Division of OART, which
is at the Ames Research Center, spends all of its time on this forecast-
ing of requirements, and there are about 15 people attached to the
aeronautics side of this. They are doing to a degree, a small degree,
the sort of study that DOT should be carrying out. And this was
instigated several years ago when we realized we began to need some
direction for our technology efforts, rather than just the interests of
a scientist. When our Center people propose a new technology pro-
grm, we now ask them to go beyond the physical sciences in justi-
hng the program. It has to be more than something you can do. It
needs to be something of value when you have done it. This is a
rather new field for scientific people to indulge in and yet I think
it is very good and educational for them. We ask them to look at its
impact, to the extent they can, on an air transportation link. They
have to consider its impact on a community in which it will operate,
for example, we ask our scientists to project for us what this will do
to the noise problem. So I think there are very few of our people,
except some of the most basic research groups, that are not now giving
consideration to the implications of tlhe research they are doing, in
either a civil or a military sense, much more so than we did in the
past.

Mr. Hwciw. Mr. Fulton, we are pleased to have you with us. Do
you have any questions you would like to pose?
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Mr. FuloN. I am glad to be here.
My question is on the effect of the so-called Mansfield amendment

that requires the Department of Defense only to do research of a
military programmatic or military -connected nature. Have you been
in touch with the Department of Defense on picking up this kind of
basic or not indirectly military-conducted research? What is the situa-
tion I What are you planning ahead on that I Are you going to sit and
let this research all go by the board or are you going to try to move in
and fill a gap which certainly will exist in basic and even general
applied research in this country?

Mr. HAm Our most specific effort, Mr. Fulton, in connection
with that has been a very intensive and continuing review with the
three services of their R. & D. programs, through which we are tr
ing to ide~ntif those that are suficiently far removed from direct mii-
tary application but have that sort of implication in the long run,
that could be absorbed into NASA's program or NASA could join
with the services to conduct some of this work.

Mr. FuLToN. Could I just say to the chairman if a statement were
presented I think it would be good for the record, rather than have
the detail given here. Secondly I want it more in relation to the earth-
quake that the Mansfield amendment has caused on the shift of re-
search in the Department of Defense.

Where is it going? It isn't just as though you have been dealing
casually. I want to see the result of this tidal wave and this earth-
quake. As you know, the President's science adviser thinks it is a
tragedy that such a strict amendment has been put in.

Mr. HARm. Yes, we can supply that for the record.
Mr. FuLToN. Thank you, Mr. Chairman.
(The information is as follows:)

In formulating NASA's basic research programs in aeronautics and space, we
have given close attention to the basic research activities of DOD to assure that
where we have common interests our efforts are complementary and not dupli-
cative. We have contacted appropriate DOD officials specifically with regard
to Section 203, and if, in the review of DOD's basic research activities, it Is de-
termined that Section 203 would proscribe DOD programs directly relevant tG
NASA's programs, we will make every effort within the resources available to
assume support of such activities.

Mr. HICHLzR. Thank you, Mr. Fulton.
We will also pursue that question with the Department of Defense

witnesses that appear before this committee later this week.
Mr. FutmTox. There is one other point on the future. May I ask one,

Mr. Chairman?
Mr. Izcrnau. Mr. Fulton.
Mr. FuvrTox. The Air Force, of course, has moved out of the space

business as such, which is what they should have done long since. In
moving out there has been a transfer of astronauts to NASA. I had
been thIinking that, on projection, there are already too many astro-
nauts in NASA, considering the budget cut to the level on which NASA
is now operating on manned space flight.

(The additional material submitted is as follows:)
The basic organizational structure of the Astronaut Office is by flights with

permanent assignment of astronauts to these flights. Flights A, B, and C are
mainline Apollo crews. The fourth flight contains all AAP personnel. All per-
sonnel are in training for future flights.
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The training period for an astronaut extends over several years, particularly
with the increased complexity of future missions because of the increased ex-
periments and applications demands. Depending on bow future programs evolve
In the AAP and post-AAP mission period, these assignments can be reevaluated.

The following alphabetical roster indicates duty assignments:

Active NASA Astronauts Plight assignoment Crew assignment

Cad. Edwin E. Aldrln, Jr ----------------- PINM A ---------------- rm nX
Dr. Joseph P. Allen ------------------.. AOA-----------------------------PieoX
Neil A. Armstrong ----------------- _---- Chief, Flight A---------------------- Do.
Capt. Alen LfBoon-------------------- Flight A -- --------------------- Prime on Xl1.
Maj. Karol J. Bobko ---------- _-------- Completing studies, University of Cali-

fornia.
VanneD. Brand---------------------PFlightA ----------------------- .. Support X IIt
LLtCo Geauld P. Corr----------------- do-------------------------- Support XIL1
Conidr. Eugene A. Carenan---------------PFlightt B ------------------------- BackuonXV
Dr. Philip KC. ha!pman------------------ AAP ----------------------------- uoX
Cal. Michael Collins-----------_-_----Plgh A ---------------------- _-- Prime on X I.

CatCalsord--------------PRligtS------------------------- Prime on XILt
usL Godn Cooper. Jr -------------- Assistenti for Space Shuttle Program---

It Comdr. Robert L Crippen --------- --- AAP-----------------
Walter Cunningham------------------ _Chief, AAP Flight..............-----
Maj. Charles N. Duke --------------- --- PFlight 8B------_----------------- Backup on X II I.
LL. Cat Donnc- Elseles---------------- Section Chief, AAP ----------
Dr.Anthony W. England -------------- __AAP ---------------
LLtCoL JoeH. Engle --------------- 1MB ------------------------- Backup onX IV.
Lt.Coindr. Ronald E. Evans ------------------ do --------------------------- Do.
Maj. Charles G. Fullerton-----------------AAP---------------------------- Support on XIV.
Dr. Owen K. GaniloftL------------------ Section Chief, AAP ----------
Dr. Edward G. Gihson--------------_---- AAP -------------------- _----...Support XlII.
Capt. Richard P. Gordon ---------------- P light A ------------------------- Prime on X II.
Pied W. Main ------------------------ Flight C----------------_-------- Prime on X I II.
Maj. Henry W. Hartsffeld ----------------- Completing studies, University of Tennes-

SeL
Dr. Karl G. Manizo----------------------AAP-----------------
Dr. Donald L Holniquest. --------------- AAP------------................
Lt Cal James B. Irwin ----------------- PFlight B--------------- ---------- Backup on X II.
Comdr. Josep P. Kerwin----------------AAP ----------------
Dr. Williamn 8. Lenoir------------------- AAP --------------
Dr. Don LUnd- ---------------------AAP-----------------
Mej. Jack IR. Lousni-------------------Plight C--------------- ---------- Support on XlIi1.
Capt. James A. Lovell.------------------ ChieC Plight C----------- -------- Prime on X1I11.
Lt. Comdr. Thomas K. Mattingly 11---------PIlight C--------------------------- Do.
Lt. Comdr. Bruce McCandless 11----Ii---------AA --- --------------- ---- Support on XIV.
Comndr. Edgar D. Mitchell---------------- Fligh B ----------------------... Prime on XIV.
Dr. F. Story Musgrave ------------------ AAPt----------------
Maj. Robert F. Overmyer-----------------AAP-----------------
Dr. Robert A. Parker------------------- AAP......................------
Maj. Donald H. Peterson ---------------- Completing studios, University of Ten-

nessee.
It. Cal. William Rt. Pogue ---------------- PFlight C -------------------- _---- Support on XIV.
Uaj. Stuart A. Roose--------------- I---- Flight B ------------------------- Prime on XIV.
Dr. Harrison H. Schmitt ----------------- Flight C...................------
Russell L Schweickart------------------ AAP-----------------
Cal. David R. Scott -------------------- Flight B ------------------------ _Backup on XII.
Capt Alan B. Shepard, Jr --------------- Astronaut Office -------_--------...Commander. Apollo 14.
Col. Thomas P. Stafford ----------------- Chief, Astronaut Dfice...........-
John L SwIert----------------------- Flight C--------------------------Backup on XIII1.
Dr. William L. Thornton --------------- _-Will complete pilot training In April 1970.
Lt. Comidr. Richard H. Truly -------------- ;AP ---------------------------
Comdr. Paul]J. Weitz---------- -------- Flight A...................-_---
Maj. Alfred M. Worden --------------------- do -------------------------- Backup on XII.
Comidr. John W. Young ----------------- Chief, Flight B ------------------- Backup on X1III

Have you made any projection on the use of astronauts! No. 1, it is
unfair to the taxpayer to keep them on if there is no earthly use for
them. Secondly, it is unfair to the astronauts to keep them on because
we are blighting careers by keeping them in a fishbowl, doing nothing
except swim around and eating Pablum.

Now this certainly should be one of NASA's chief concerns at the
p resent time. With the tremendous increase in reliability, we, there-
lore, don't have the flights that we expected.

The other point about it is--and I would like you to answer this
here by a statement.
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Now what have you done about putting woman in space? When is
our first woman astronaut, with all your brain team down there, going
to go up

Mr. HECHLAn. You are asking Mr. Harper to answer that?
Mr. FULTON. He is part of the brain team and he may be able to give

us some enlightenment. He is projecting. I am extrapolating a little
bit andpretty much postulating.

Mr. HECHLER. We had Dr. Paine before the committee earlier. It
would be more a propriate for him to answer.

Mr. FULTON. 1 thought the brain team might be better, because we
already asked Dr. Paine about this and he sidestepped this.

Mr. HECHLER. There are many brains here.
Mr. FULTON. Dr. Paine has a very good ability not to answer di-

rectly. I am moving down the ladder and I am talking about the brain
team here.

Mr. HECHLER. The Chair won't dispute any further and give an
opportunity for Mr. Harper to say whatever he wants to.

Mr. HARPER. Mr. Fulton, I am afraid I will have to defer that ques-
tion t. Dr. Paine.

Mr. FuLTON. I am right back where I started from.
Mr. ITARPER. I am afraid my authority doesn't extend out of the

atmosphere ,o disc-ass NASA plans.
Mr. FULTON. Well, if we are going to treat this particular subject

as separately, are we j•:t going to compartmentising the atmos-
phere and then space ¢ Are we going to be drawing you fellows all to-
gether in NASA! I may be wrong, but I thought this was going to be
a general pointing of how you fitted into NASA. But I thought you
were a good target, I must say. That is all, Mr. Chairman.

Mr. HECHLER. Mr. Harper, do you know what the budget of NACA
was the last full year they were in operation?

Mr. HARPER. I believe it was about $50 million. I am not sure I have
the exact figure.

Mr. HEcnLER. I didn't hear.
Mr. HARPER. The nearest figure for this, Mr. Hechler, is about $55

million, the total aeronautics-related budget of NACA.
Mr. HECHIii. This is only aeronautics; is that correct?
Mr. HARPER. Yes.
Mr. HECHLME. Then there was a great deal of additional amount

not dealing with aeronautics?
Mr. HARPER. There was some, but I don't know the total number.

We have extracted out the aeronautics part of it, which was the largest.
Mr. HECELER. Do you think the criticism is fair that NASA is not

doing as much proportionately as NACA did? This criticism is fre-
quently leveled at NASA.

Mr. HARPER. If you judge against-
Mr. HECHLER. Considering inflation, also, while you are answering.
Mr. HARPER. Yes; of course. If you compare total efforts, we are now

at about the same level we were in people and dollars placed on R. & D.
as we were at the end of the NACA period. It is quite a difference in
absolute dollars, but if you adjust this for inflation, it is about the
same level of effort in dollars and above the same number of people.

Mr. HECHLxR. Then I would say we are far behind, because the
problems have not stood still.
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Mr. I-LHuz Yes. The difficulty I think stems from the point you
just made as well as a period earlier in NASA's history, when with the
national space commitments and with the resources that were available
and with the talent that was available there was no option but to use
much of the old aeronautics activit to initiate the space program.

Now it has grown back to about that same level in true effectiveness,
but as you pointed out it is a much broader field of problems that we
have to face now.

Mr. FULTON. Mr. Chairman, I was on the committee then. I believe
the last year of NACA appropriation they had $60 million for
aeronautical research, and then about $83 million was added on for
space to begin, by supplemental appropriation, and then the first real
space budget fiscal year 1960 under NASA was $523.6 million.

So the chairman is right in inquiring if it has slipped badly.
Mr. HFoHLFR. This is the point I was concluding, that in comparison

to the emphasis by NACA put with relation to the total problem at
that time, NASA is devoting an inferior effort to aeronautics.

Mr. HARpm. Perhaps a lesser effort. We recognize it as a good ef-
fort, although perhaps limited.

Perhaps it is fairer, however, to separate the research and technology
program of NASA from the operational activity. The space program
certainly represents tremendous expenditures in obtaining operating
hardware, operating systems, that don't really represent research in
the sense we are talking about it in aeronautics or in the Office of Ad-
vanced Research and Technology, for that matter, in the space research
area. The costs of operating the system are obviously very, very high
and it is not quite fair I think to compare this against a research effort.

Mr. HcHLmF. All right. This will be my final question. I will give
you an opportunity to define what needs to be done. What really needs
to be done in this Nation in order to put more emphasis on aeronautics,
which all of us realize is necessary?

Mr. HARPRm. Perhaps I should say first if I had an answer to that
we would have had more emphasis on aeronautics up to this point.

Mr. HECHLiR. In your answer, ou are not limited by funding or you
are not limited by clearances. You have an open-ended opportunity
now. I have served you up a very soft pitch and you have an oppor-
tunity to give it a clout.

Mr. FULTON. Remember Mr. Fitzgerald, though. [Laughter.]
Mr. HARPER. I think the start toward solving these problems is

being taken, Mr. Hechler. One, a critical limitation in the past has
been the number of people in our research centers that have been
demanded of the space program and were taken from aeronautics to
solve space problems, space technical problems. We have now the
interest of our center directors raised to a much higher degree in the
problems of aeronautics. This is where the greater increase in aeronau-
tical personnel has come recently, transferred back from the space
research into aeronautics. At Lewis Research Center alone, which
went entirely out of air-breathing propulsion, we have about 250 engi-
neers back in aeronautical research.

We have pointed out, both Dr. Paine and I have pointed out, I think
Mr. Lundin did last year, that a very serious limitation is the inability
to bring younger engineers into the program. The sophistication of
the technology is much higher than it was in the days of NACA and
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the training we received-I myself received-in college then is simplynot adequate to meet the scientific depths required to understand these
problems today. I don't have a solution to that problem. You recognize
the limitations in NASA's personnel ceiling that have prevented anincrease in new personnel. This is one of the prime objectives of this
new agreement with the Army, in which NASA will have the freedom
to recruit new college graduates against Army positions assigned toNASA, and we will direct them, their technical activities, in areas of
mutual interest to the Army and NASA, of which there are many. This
is one attempt to solve this problem.

Another point, of course, that we have discussed at length is that of
having the decision made that NASA should carry this advanced re-search throgh applied technology and to the very. early stages of de-velopment. This has not been a clearly accepted policy on a broad scale,although there are several instances of this being done.

For example, you recall in the discussions of the noise program,
the question whether NASA should undertake this extension of its
advanced research to demonstrate with Boeing & Douglas the effec-
tiveness of acoustic treatment of nacelles, whether it should undertake
the very limited development of a research engine that would let us
study new principles of noise reduction at the source. I think a defini-
tion of the role of NASA in this area would do much to accelerate
aeronautical advancements.

Now this study that we keep referring to, the NASA-DOT study,
should identify the real value of letting NASA do such work, if there
is real value in it, or whether it should be left to the industry. The de-cision along that line I think would accelerate many of the develop-
ments that you are speaking of.

The dollar limitation is not so serious. It is important, but the work
of real value from NASA in the aeronautics program comes from in-
house work, in-house research, not research that we purchase through
industrro

Mr. YICHIIL Well, is there anything else outside of NASA that
could or should be done in order to focus more attention on aeronau-
tics in the NationI

Mr. HAMrn I am afraid, Mr. Hechler, I can't think of anythingthat we are not trying to do at the moment. The coupling of our work
with all the other agencies involved certainly will be a major step
forward. This can't be done overnight since ,1 guess you must recog-
nize you are flying in the face of bureaucracy when you try to coupletwo agencies very closely. But it can and will be done. Dr. Foster in
DOD is very insistent on this. Mr. Beggs because of his experience in
NASA is very insistent on this being accomplished. We will accom-plish it and I think it will serve to accelerate developments much more
rapidly if they are done in this joint way.

Mr. HEMCLUP. I am in favor of and will support anybody who flies
in the face of timid bureaucracy, and I hope you utilize some of your
most updated aeronautical techniques in making those flights.

Any further questions by members of the subcommittee?
(No response.)
Mr. HzomzL Or the full committee?
If not-
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Mr. FULTON. Might I explain the point I was trying to make? If
these astronauts are not to be used in space, the question then comes
where can we use them ? If they can't be used on aeronautical research,
since they are former jet test pilots, because they are not satisfactory,
then I think you have a problem of what is their future, and this is
where you come in. Thank you, Mr. Chairman.

Mr. H=CEtm. Thank you, Mr. Fulton.
We are going to start at 9 a.m. tomorrow with testimony by Mr.

Lundin, director of the Lewis Research Center, followed by testimony
by Dr. H. Guyford Stever and Dr. Raymond L. Bisplinghoff.

If there is no further business before the subcommittee, we stand
adjourned until 9 a.m. tomorrow.

(Whereupon at this time the committee adjourned, to reconvene at
9 a.m., on Tuesday, December 9,1969.)

(Additional questions and answers and material for the record
is as follows:)

Question 1 (a) In 1957, the last year that appropriations were made for NAGA,
that agency received $117,276,209. This year NASA received $180,000,000 which
is within the same general funding areas. In view of the effect of inflation during
the past 12 years, this would suggest that NASA's support of aeronautical research
has grown little, if any, since NACA days. Do you agree?

Answer. Of the total funding appropriated for NACA in 1957, an analysis
shows that approximately $60M of these resources were directed specifically
at aeronautics research; the other support was directed at missile and space-
related research. Thus, the $186 million level for FY 1970 represents a significant
increase in NASA aeronautics-related research.

Question 1 (b) Do you believe that the NASA research effort is now sufficient
to keep the nation predominant in the aeronautical field?

Answer. NASA aeronautics research alone cannot keep the nation predominant
in aeronautics. It will take a joint effort on the part of several agencies as well
as industry to accomplish this. NASA is steadily Increasing its effort in basic
research where its primary responsibility lies; in research beyond this NASA
is working closely with other agencies to resolve the mutual degrees of respon-
sibility.

Question. 1(c) One witness testified that initially a 40 percent increase (ap-
proximately $70 million) in NASA's aeronautical research program would be
required to provide a desirable level of research. How do you view this esti-
mate and what do you think of the prospects of NASA providing additional
funds in the future?

Answer. In the coming years some Increase In funding for the NASA aero-
nautical research program will probably be required, but the exact amount is
difficult to estimate at any point In time. An increase of approximately $70
million would support some additional proof-of-concept projects, and if such
additional funding were made available, these would need to be selected jointly
with other government agencies.

Question. 2. In testimony witnesses have stated that on some new aircraft
development basic aeronautical data were not available. For example, aero-
dynamic characteristics of six percent thickness airfoils, and on basic VISTOL
information. Historically, NASA has been foremost in providing these types of
data.

(a) Would you comment on why and to what degree NASA has not becn able
to supply these data?

Answer. Aircraft technology is now so wide in scope that it is impractical
to attempt to cover all areas In the depth required to provide data for specific
aircraft design. NASA attempts to forecast those elements of technology nearest
application and provide greater depth in advance. A particular effort is being
made to assure NASA a longer lead time so that its program can be adjusted
in advance of decisions to provide the data necessary. In many instances this
has been done; for example, NASA has provided FAA and Industry with a good
base of data on which to consider development of STOL aircraft.

Question. 2(b) The Committee has been told that internationally, the United
States is gradually losing ground to our foreign competitors, primarily because
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of a lack of an aggreive research base mrau u"pplied by the govonent.
How do you view this situation?

Answer. Both the quantity and quality of foreign competition in civil and
military aircraft are increasing noticeably. Where the U.S. held an unquestioned
lead a tew years ago in both neids, foreign competition has made a substantial
entrance into some fields, such as a small short-haul passenger and cargo aircraft
and small military fighter aircraft, and has placed in competition or has under
development a number of highly competitive large transports. This is particu-
larly true of Soviet aircraft, which a few years ago resembled an earlier genera-
tion of U.S. aircraft but today are extremely competitive. While these presently
lack a world-wide support system, apparently this gap is the focus of a con-
siderable effort to close. Taking the European community as a whole and assess-
ing available information as to Soviet activity, it must be concluded that both
are purbuing now an aggressive aeronautics R&D program making available new
technology at a pace comparable to the U.S.

This is in substantial contrast to the situation of five to ten years ago. Perhaps
the most significant point is the policy, being pursued by both Europeans and
Soviets, of converting new technology into prototype or experimental systems.
They have produced a surprising number of new experimental engines and
airframes which have served to focus research in a way leading to rapid solution
of problems and later production of highly successful aircraft. Activity in this
phase has been noticeably higher than in the U.S. and has led to small quantity
production of several very promising types ("Harrier" VTOL, Breguet 941 for
example) which promise the U.S. intensive competition in the near future as
the operational value becomes demonstrated.

Question 3. Witnesses have testified that foreign competitors are taking more
aircraft designs to prototype development, whereas the United States is fali~fng
short in not doing so. Do you think that this is a logical funding area for NASA,
particularly in view of apparent future de-emphasis in DOD?

Answer. As indicated in the answer to question 2(b), foreign nations have
accelerated their prototype activity, which is a principal method of closing the
gap between new technology development and application of this technology to
operational system. Without this activity the transfer of new technology to
operation is much slower. Whether NASA or another agency should carry out
or be responsible for these activities depends on the principal objective of a
prototype program.

Where the objective is to complete assessment of a new technology, that is,
to obtain that knowledge which can be found only through limited operation or
to uncover the "unknown-unknowns," it would be appropriate for NASA to take
the initiative as it is necessary, in many instances, to complete its mission.
Prototypes which are developed to near-production refinement for purposes of
determining readines for production, or compatability with established systems
(airports, airways, logistics, etc.) would be best handled by an agency responsible
for final operation (DOT or DOD). Between these two extemes lie cases
where both objectives can be served; these should be handled on a joint agency
basis. It is difficult, therefore, to generalize on specific agency responsibilities
on other than a case-by-case basis. It is important in national rationale, however,
that care be taken to assure the activity be pursued at a proper level and not be
overlooked simply because an over-all assignment of responsibility cannot be met.

Question 4. Testimony has revealed that DOT is the department with prime
leadership responsibility for aviation in the executive branch, yet they are not a
member of the Aeronautics and Space Council. Do you believe that membership
for DOT is desirable?

Answer. In a consideration of aviation matters by the National Aeronautics
and Space Council, participation by DOT would be useful In our view. Because
of the membership of the National Aeronautics and Space Council involves the
organization of the Executive Office of the President we would defer to this Office
on the question of whether formal membership of DOT on the Council is desirable.

Question 5. The Aeronautics and Space Engineering Board of the National
Academy of Engineering published &, December 1968 the results of their study on
various subjects in the aviation field.

(a) What value have these studies been to NASA.?
Answer. A primary value of the ASEB study to NASA was an Independent

assessment of the aviation problems facing the country. This provided the oppor-
tunity to provide an unbiased framework against which to judge NASA program
content.
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(b) Wht actioMnhaew ocrred se re*ult of thbse studiest
Answer. To a ls.rge degree NASA's program was found to be responsive to the

ASEB recom•nadations and some shift in emphasis was made to bring greater
conformity. Some new research activities were added and a few de-emphasised or
discontinued. As Dr. Stever noted in his testimony given during these hearings,
of the 100 reco•mnendations made by the ASEB, 81 related to NASA programs.
Of this group of 81, NASA had responded to all but 15; no response could be
made to the 15 because of either unavailability of appropriate technical personnel
or of funda

Quetion 6. Prior testimony before thia (omwittee has always indicated that
we need more money for research, better cooperation between agencies and more
time to sove problems. Yet each year we get about the same request for funds
from NASA, we seem to have the same problems of too much traole, increased
delays in atqation transportation. What do you foresee as the budgeting trend in
NASA?

Answer 1. Since 1962 the total NASA aeronautics effort has Increased steadily,
rising from $44M In '62 to $185.6M in '70; even allowing for a loss in dollar value,
this represents a significant increase. Without question, the related problems
have Increased in magnitude and scope more rapidly. Although a continued
growth in NASA's aeronautics effort is expected, a joint effort on the part of
several agencies and industry will be required to effectively attack the evident
problems. The exact nature of NASA's requirements to meet its share of respon-
sibilities it the subject of continuing discussions between the agencies. A true
assessment of the effort toward solution of aviation problems must include the
activities of each of these agencies.

Question 7. In what priority do you place the problems in aviation?
Answer. (A) Continued Improvement of subsonic jet transport aircraft and

its systems to meet rapidly increasing demands--
(a) Improve air traffic control system to relieve congestion and increase

safety margins.
(b) Improve airport and terminal area operation; increase ease of air-

craft handling and reduce landing speeds
(e) Improve ground traffic flow in and out of and around airports.
(d) Reduce pollution (noise and smoke).
(e) Improve productivity of aircraft through increased cruise performance.

(B) Bring STOL aircraft to operational status and improve rotary wing
vehicles.

(a) Develop technology for Improved STOL performance.
(b) Provide data for FAA to establish STOL certification standards.
(c) Define acceptable noise levels and technology to meet them.

(C) Develop a successful American SST and bring it into operational status.
(D) Improve safety and reliability of general aviation aircraft.
Question 8. How do you see the NASA role in supporting research to solve

thesi problemet
Answer. The NASA role is to provide a strong advanced research program

to provide the technology to be applied and utilized by DOT, DOD, and the In-
dustry to meet the requirements of military and civil aviation. NASA's role
would also include selected Sight research programs of promising concepts as
required to adequately support the objectives and goals of the user agencies and
industry.

Question 9a. With the jumbo jets and the SHT aircraft coming into commercial
transport use, in what direction do you recommend that the NASA aeronautical
research programs be directed for the future?

Answer. (1) NASA should direct research effort to provide means of shorten-
ing runway requirements of transport aircraft and to increase the airport
acceptability rate while at the same time making the aircraft easier to handle
and safer on approach and landing.

(2) NASA should direct research effort to provide advanced technology for
improved air traffic control to provide the FAA with technology required to
define and develop a system from possible options that will be capable of han-
ding the future increased air traffic that will involve a complex mix of aircraft
including the jumbo Jets, the SST's and V/STOL aircraft.

(3) NASA should direct a concerted research effort to make STOL aircraft
and rotary wing aircraft practical for commercial short-haul use In the near
future, and should aim for making VTOL aircraft practical for military appli-
cation first and commercial use later.
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(4) Effort should be directed to improving the safety and reliability of general
aviaton aircraft.

(5) Effort will be directed to responding to the needs of the DOT in the devel-
oiunent of the SST, vnd to providing the technology for a second generation ad-
vanced EST.

(6) Research effort in the fundamental disciplines should be emphasised to
provide the basic technology to develop new conceptual ideas to apply to the areas
outlined above, Including research into the fundamentals of noise generation.
Such advanced research effort Is of equal priority to any of the areas listed and
must be conducted on a continuing basis.

Question 9b. Should we aim for Ahpersonic aircraft mad ramjet propulsion or
are we too early for the "eat phase of practical .pplioation of this technology?

Answer. It Is to early to plan application of technology to a practical hyper-
sonic crise aircraft; the fundamentals of hypersonic aerodynamics, propulsion
for hypersonic vehicles and materials and structures need much more research.
However, to provide the technology so that practical vehicles can be considered
in the future, research in the various disciplines should be continued.

Quesftio 9ft Is the answer in consonance with the converging progress of #pace
vehicles a"d air-breathing vehicles?

Answer. There are Important differences between space vehicles and hyper-
sonic transport aircraft as now defined. The space vehicles being considered now
will not use or -require ramjet propulsion--the only requirement is an air-breath-
ing engine for landing and "go-around" capability for short periods ot time; this,
of course, applies to the space vehicle as currently defined. The structures re-
quired may be short-time high-heat type with low total heat load whereas the
transport vehicle may be a long-time heat-soaked structure that must have long
life for many flights on an economical basis and be as reliable as today's jet
transports. The configuration of the cruise vehicle must be such as to provide effl-
cient economics and possess good flying characteristics for commercial pilots as
contrasted to space vehicles that only spend a few minutes per flight in the
atmosphere and will b., flown by highly trained specialist pilots.

Question, 10. It is noted that of the $4.7 billion budget asked for by NASA for
FY 1970 only about $180 million was directly related to aerdnautLcs. Does an
allocation of less than fve percent of NASA'* budget to aeronautics represent a
division between space and aeronautics which will continue into the future?

Note: The approailmately $180 million consists of the aeronautical vehicles
line item in R&D along with about $22 million in other R,&D areas, plus about
$80 million of in-house work in the RAPM category.

Answer. $186M is a proper assessment of the level of resources assigned to
aeronautics R&D by NASA. The aeronautics R&D budget Is justified on its own
merits within NASA and particularly within OART. There Is no reason to ex-
pect a fixed relation between space and aeronautics funding, although clearly
the magnitude of the overall budget affects the degree to which the aeronautics
R&D program proposals can be accepted by NASA.

Question 11. Press reports indicate that the Administration has set a timetable
for development of a long-range national program for civil aeronautics RiD.
Additionally, it was reported in September that a DOT-NASA group is "getting
off the ground" in a study of how much RdD in civil aviation the Government
should do. From the respective management levels assigned to the Space Task
Group and the group for aeronautics study, it might be concluded that aero-
nauties is much lower in priority and needed emphasis than the space program.

(a) Is this a% accurate conclusion?
(b) What are the respective levels of effort in aeronautics in the three options

included in the NASA Report to the President'# Space Task Group?
(c) It is noted that only in Option I does NASA indicate an increase in aero-

nautical research. Is this in keeping with all the testimony indicating an in-
creased needF

(d) I1 this consistent with the answer to Question I above?
Answer. Answering the several parts of the question:
(a) Since the DOT/NASA study reports to the Secretary of DOT, and Ad-

ministrator of NASA, It should be concluded that highest management is in-
volved. Decisions on national space commitments, however, required an im-
mediacy of action on major decisions not present in the aeronautics case.

(b) The President requested the Space Task Group to review the national
space program. In its early deliberations, the STG considered Inclusion of
aeronautics in its activities, but decided that It was best to concentrate on the
complex issues presented by the space program. In presenting cost projections
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for NASA, an assumed level for aeronautics was included to give an overall
estimate, but without any Intention to indicate study of or conclusions regard-
Ing specific future requirements for aeronautics.

(c) As noted above, none of the three options included predicted estimates
but rather representative or assumed levels. Option I did specify an increase in
aeronautics R&D to conduct major proof-of-concept programs.

(d) In view of the fact that the Space Task Group did not attempt to specify
future requirements in aeronautics R&D, there is a need to further consider
these future requirements In the NASA/DOT study.

Question 12. It is noted that NASA apparently is increasingly involved in
aircraft navigation, air trafc control systems and safety of flight devices. Yet,
the FAA is largely responsible for system development of the 8ST and for the
air•wy• structure. It would appear this represents a mix-up of agency respon-
sibilities. Will the delineation of responsibilities among executive departments
be examined as part of the Administration's look at a long-range national
program?

Answer. NASA is involved in conducting research and developing new tech-
nology to solve problems in the areas cited. FAA is concerned principally with
the development and application of devices in the technical areas cited which
would lead to a total system best serving the nation's needs. If the distinction
Is made in this way the agency responsibilities are largely consistent. The phasing
from research through to application Involves joint interests at some point, and

the direction of research requires guidance from the ultimate user. These par-
ticular interactions are under specific discussion between DOT and NASA at thedirection of the Secretary's (DOT) and Administrator's (NASA) offices,

respectively.
Qhestion 13. A prior industry witness raieed an interestier point on NASA's

acceptance of a proiferation of research projects in their role of a sbpporteAg
RdD agensy, r(for thi • oetinoing tNmeir effort to their demonstrated com-
petenoe in established disciplines.

(o) Do you see a trend developintg in this dirction?
(b) How does NASA participate su plapning the overall research effort that

is pursued?

(p ) Does NASA eed new facilities or hdve new task placed on them ditated
the need for new failities whnlte may be limited in research applicabte ltp

(d) Will the NASA-DOT h tudas petefceally iTclude recommeoa dations on
V/STOL problemst

(e) To what extent does the problem of lack of data, as stated by the AIA
witness (need for high Reynolds wlmber wind tunnel, aseed for aerodynamic
data op airfoils of pmail teilless nod structural data) exist for wour forecast
of future aircraft developmento

Answer. When NASA re In a supporting role to another agency It is seldom
engaged in research but, rather, Involved In defining solutions to engineering
problems uncovered during system development. bk though these Individual
activities may appear unrelated to NASAt s research they do relate to specific
disciplines In which NASA has competence. To the best of Its ability, NASA uses
esethese problem-solving" exercises to contribute to basic technology and prevent

reappearance of the problem In a slightly different form.(a) Undoubtedly these demands will increase for, as aircraft become more

sophisticated, some problems will not surfae until developments Is well underway.(b) In planning the "research" (or development testing Involved), NASA
works with the requesting group to minimize the effort directed at solving the

specific problem and maximize the effort useful for solution of the general
class of problem.

(w ) i here are clearly defined requirements for major new research facilitiesIf the risk of soaring development costs Is to be kept low. Often the need for
new facilities to emphasized by requests to help solve developmental problems In
facilities which did not uncover the problems at an early stage. Obviously, the
existence of these problems to symptomatic of a technical Ignorance which would
justify research effort. Thus a facility built to solve a specific problem would
almost certainly be used to conduct research on the problem In generalized form
so that It could be avoided in future developments. Almost without exception,
a facility built to study one special problem has proved to be useful In much
wider and unexpected areas of research.

(d) The short-haul air transport system will form one important element of
the DOT/NASA study and V/STOL aircraft will be Included In this.
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(e) The lack of these data for the purpose of foreostig probable aircraft
development Is not serious, except where the data might have revealed a wholly
unexpected physical phenomenon. For forecasting purposes it is reasonable to
make assumptions, based on good judgment, as to probable technical advances.
This is not adequate, however, when serious consideration is to be given develop-
ment. Very small changes in many characteristics can make the difference be-
tween success or failure. At this stage the lack of detailed data could prevent
development, force a very conservative approach, or court development disaster.

Question 14. How do yos react to the statement that more prototype develop-
ment t needed by Government Agencies to keep the United States abreast o1
world develop•e•ts?

Answer. There Is no question but that prototype development is the most
certain way of defining the best developmental lines to follow and enables
development to proceed rapidly with much reduced chance of failure. This Is
particularly true when the prototype is a system (aircraft, air traffic control, and
airports) where several groups are involved. Since other countries are following
this course by government support, they are becoming more competitive. Whether
this has reached a level justifying similar action within the U.S. is not estab-
lished. Whether the U.S. requires acceleration of development along certain
lines to such an extent that prototypes are required, also is not clear. The
DOT/NASA study should define a process by which these decisions can be
reached for any instance related to civil aviation.

Question 15. To what extct have the 1968 National Academy of Rnagineering
aero•autical recommendations been incorporated in NASA planning?

Answer. The Aeronautics and Space Engineering Board of the National Acad-
emy of Engineering in its report of August 1968 made 100 recommendations
for aeronautical research. Of these 19 fell under the jurisdiction of other
agencies. Of the remaining 81 recommendations, NASA has work underway on
all but 15. NASA has thoroughly reviewed and studied the Board's recom-
mendations and has attempted to respond fully to all of them. In many in-
stances work was already underway at an appropriate level of effort; in some,
work underway was expanded. Of the 15 for which work has not been initiated
some were considered to be in areas for which the capability and interest
exists in the industry to a greater degree than in NASA, e.g., structural fabri-
cation technique, materials joining methods, and lightweight power transmission.
NASA has responded to the best of its ability within the limits of the manpow-
er and resources allocated to aeronautical research and continues to review the
Board's recommendations along with those from Its Research Advisory Com-
mittees, and requests for assistance from the DOD and DOT in its program and
budget planning.

UCOMMENDATIONS OF THE TRANSPORTATION WORKSHOP

The Transportation Workshop was an ad hoe group which worked intensively
for a few months in 1967, under the co-chairmanship of Bernard A. Schriever
and William W. Seifort, to make a systems-oriented study of the national air
transportation system and its interfacing modes. The competence of the par-
ticipants in the study and the value of the study results are widely recognized.
The study report is used as a primary reference by the Joint DOT-NASA
Civil Aviation Research and Development Policy Study.

The report of the Transportation Workshop was printed in 1968 by the MIT
Press with the title "Air Transportation 1975 and Beyond: A Systems Ap-
proach." This book contains 515 pages of which 50 are used in listing the
conclusions and recommendations of the six panels: socloeconomics, air vehi-
cle, air traffic control, airports and terminals, mixed-mode collection and dis-
tribution, and government policies.

The conclusions and recommendations of the systems study have been sum-
marised concisely in a essay (The Impending Crisis in Air Transportation) by
the co-chairman printed in the Technology Review (April 1968). This essay is
attached.

Only two of the panels dealt directly with aeronautical research. The major
recommendations of these panels, air vehicle and air traffic control, are given
below.

88-681 O--0----10
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Recommenatio of the air vie Pae
"Almost all the elements supporting air transportation need intensive at-

tention to bring about Immediate. improvement. Most of these elements have not
been keeping pace with either (TOL vehicle technology or the passengers' and
shippers' demand for air service.

Integration of these elements and coordination of air transportation with
the total transportation system are required. Realistic long-range planning must
be intensified and correlated. Effective methods must be developed to identify
the most desirable and practicable solutions. The data base to apply these
methods must be enlarged and improved in coverage and accuracy.

The evolution of short-haul V/STOL vehicles must be speeded up to match
that of CTOL airplanes over the past 30 years. First, studies are required to
narrow down the numerous vehicle concepts to the most promising, so that these
can be given the benefits of intensive application of technology. Second, after
the first step has reached at least a preliminary stage, demonstration projects
should be conducted. These projects should be designed to obtain the reliable
economic and operational information required by the investors, manufacturers,
and operators before they can commit themselves to a full-scale short-haul
system.
Recommendatione of the Air Traffic Control Panel

1. Compile basic information relative to traffic demand.
2. Develop long-range plans and establish interim goals to minimize duplica-

tion of spending.
3. Outline organizational approaches that might simplify implementation of

advanced technology in air traffic control systems.
4. Initiate a technical plan for the next-generation evolutionary air traffic

control system.

Deselopmest:
The post-1975 evolutionary system takes into account:

1. Air vehicles with new performance standards.
2. Growing numbers of aircraft, particularly in general aviation.
3. New concepts in types and location of airports.

With these t asic concepts in mind, the following recommendations are made:
1. Improve ATC in the terminal area.
P. Initiate immediate long-term evolutionary development of a new

more responsive ATC for both en route and terminal areas. The system
must adopt advanced technologies, since new types of aircraft will be in
service in the coming decades, including the SST (supersonic transport),
ASST (advanced supersonic transport), HST (hypersonic transport), and
VTOL (vertical takeoff and landing). Complicating the introduction of
these aircraft will be the large numbers of all types of aircraft that willbe in operation. Forecasts indicate a continuing increase in quantities of
both passenger and cargo aircraft through 1900.

& Live on-site test programs should be undertaken by DOT/FAA so that
improvements can be verified prior to integrating the new system throughout
the AT4 network. Such programs should include:

Test operations of VTOL aircraft in the ATC terminal area environ-
ment.

Experiments with systems permitting expedited movement of equip-
ment at the airport complex, particularly under poor visibility conditions.

Experiments with noise-abatement revisions so that increased air
traffic can be measured.

4. The measurement and short-period prediction of weather in the terminal
area and the communication of realtime weather information between the
weather system and the ATC system should be Improved.

Fmuning:
Future funding criteria and policy for ATC and meteorological facilities

should be established.
1Air Transportation 1975 and Beyond : A Systems Approach, p. 264.
'Ibid., pp. 833-335.



143

Mechanisms should be developed to introduce advances in technology into the
ATC) system in an orderly fashion.

fitandrdization:
Further ATC standardization of codes, abbreviations, and system interfaces

should be developed and accepted by all countries. Continued ATA, IOAO, and
IATA activities in this area are encouraged. It is recommended that one United
States government agency be responsible for standardization in the United
States. Strong support must be given to accelerate time-consuming standard-
ization activities in order that equipment developments can proceed.

Tra&&:
Planning for ATO training programs in the United States should be a joint

effort of FAA and ATOA (Air Traffic Controllers Association).
Summary:

Policies and organizational arrangements should be established that will pro-
vide a means for continuous systems studies, reviews, and recommendations; a
dynamic evolutionary air traffic control system will result.
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Utopia co"s not lie ahead. But partial solutions Bernard A. Schriever
,a.'nrir:,cod at once will perm.t total planning to stom and
tho tde of congestion William W. Seifert. 8111D.031

IMPRIJTnED WITH PEitISSION OF
TH TECHNOLOGY RVIEW

The Impending Crisis
in Air
Transportation
The people of the United States enjoy a personal Some Inhiblllmts to Growth
mobility unmatched anywhere In the world, a free- But serious hurdles face those who are charged
doam of movement regarded as a right and not a with preparing the facilities on which this growth
privilege. It is a social value woven deeply Into our will depend. Any casual air traveler or shipper
livs. The freedom to travel and to trade without recognizes signs of trouble In the delays and coit-
barriers is the basis of the mass production and gestion that have today become the norm. Up
marketing that have given us the highest standard until now. the growth of air travel has been relatively
of living man has known, unhampered by capacity restrictions, but these

favorable conditions are lading rapidly. The factors
But unless we begin now to take steps to meet the that may do most to limit the ability of the air traNW-
demands of the future, sheer growth in popula- poflation system to meet demand are the most
tion and the accompanying economic demands difficult to evaluate and to correct.
could so saturate our transportation system, especi-
ally the air system, that mobility could become Most of our hub airports are reaching a saturation
a premium service instead of a routine accom- point, and saturation equates with costly delays--
modation. costly in terms of the ill will of inconvenienced

passengers and costly in operating losses to air-
In 1966 air transportation accounted for 66 per cent lines. The Air Transport Association estimated the
of common carrier passenger miles, as compared direct cost of operating delays in 1965 at $41 mil-
to 13 per cent in 1950. lion, no small economic drain yet relatively insig-

nificant when compared to the potentiql delay
Many factors will further stimulate the growth of costs in the coming decades. Serious new problems
air transport. Gross national product, disposable will be introduced when the large subsonic jets
income, and employment are increasing. A new and the supersonic transports are introduced into
generation of even more economical, high-payload the inventory. Estimates indicate that by 1975 20
ai;rcraft is coming into service. More people will aircraft of the C-5, B-747, or SST type will land or
have more leisure time; some of it will be used for depart within one hour at primary airports during
travel. The number of retired persons will Increase, peak times. This indicates a need to accommodate
and they will wish to travel more. A higher per- up to 10,000 passengers per hour at these locations.
centage of our population will be more highly
educated, and past experience shows that as level In 1965. 21 major metropolitan areas accounted for
of education increases, so does the tendency to 66 per cent of the total airline passenger enplane-
travel. Many people in today's travel market still ments and 48 per cent of all air carrier operations
cling to an old-fashioned fear of flying, which helps at U.S. airports. As a group, these lacge hubs have,
account for the fact that, as of 1964, only 39 per over the years, increased their share of the total
cent of Americans had ever taken a trip by air. The U.S. air traffic for both air carrier and general avi-
generations coming into the air travel market will ation activities. This trend is forecast to continue.
not bring a fear of flying with them, and this will Projections indicate that by 1960 these hub airports
expand the market even further, will account for approximately 70 per cent of all

U.S. enplening passengers.
These factors of growth lend credence to median

forecasts that by 1980 the number of domestic In 1965 only three large hubs, New York. Chicago,
revenue passengers carried by airlines will be four and Los Angeles, generated more than 6.000.000
times more then current lvwels and tlat alr cargo enplaned passengers each. By 1980,20 of the large
will grow as much asia times, hulb will generate this number annually, acc.ordng
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to F.A.A. foreast&. Thi number Of air carrier 0pe- be limited not by terminal, runway, ramp. or parkdng

tlions will also Increase markedly, but. because of facilities but by the capacity of the external rOd

the shift to larger aircraft. theee increases will system that brings passengers and cargo to the

not be proportionate to the gains in paesenger airport and carles them away. Each airport it
volume. Between 1965 and 1960, air carrier opera- unique, each has unique problems. But delay~ at
none at the 21 major hubs are expected to increaae any major airport back up to cause system-wide
143 per cent and pasaenger enplanements 444 delays as equipment faels to arrive on time and

per cent. schedules deteriorate.

For example, in 1965 the seven airports that form One factor threatening to limit air transportation
the Miami hub accounted for about three million system growth is paradoxical. General aviation-
enplaned passengers. By 1980 airports in the Miami the air taxis, tixed-based operators, company end
area must be ready to handle nearly 19 million private airplanes that play a key role in supporting

enplaning passengers. To accommodate this the industrial and service bases that make ou,

growth, Miami will need five times the total air car- air transportation system possible-la growing so

rier terminal space it has now. it will also require rapidly that it, alone, will absorb anything short of

four times the amount of apron area for carrier extraordinary future expansion of air traffic control

aircraft, four times the present cargo building and ground-handling facilities. In 1966 general

space, and six times the amount of existing cargo aviation accounted for 16.2 million aircraft opera-

apron area. The projections for the other large tions at airports with FAA. traffic control services,

hub* are similarly dramatic. FAA forecasts Indi- as against 8.2 million commercial operations. The
cate that the New York hub's present 4,213,000 F.A.A. forecasts that by 1977 general aviation will

square feet of gross terminal area (including the generate 54.9 million operations, as compared to

expansion at Newark) must grow to 8,864,000 the carriers' 16.9 million. By 1980 the scheduled

square feet plus 500,000 square feet for Inter- air carriers' 3,600 aircraft will have to vie for air and

national travelers; Chicago's 1,786,000 square feet airport space with 210,000 general aviation aircraft,

will have to expand to 6,792,000; and Atlanta will more than double today's fleet.

have to find ways and means to build 2,375,000
extra square feet of terminal building to process It was the jet engine that made large and efficient

its forecast traffic. aircraft possible, and we are committed to it until
another form of propulsion is invented. Jet engines,

Similar requirements exist for all the major hub unfortunately, make noise. No solution to the noise

areas-a fact that Indicates the extent of the ier- problem is yet in sight. Jet engines also pollute

minals' portion of the problem. The airports them- the air. Fortunately, this pollution is not as serious

selves faco comparable problems and must be ex- as would appear from the smoke trails left by

panded to accommodate the larger number and jets, but it is serious enough to make people com-

size of aircraft, turning these expensive machines plain. As antipollution devices become more com-

around quickly for departure with fuel, maintenance, mon and begin to reduce the pollution from such

passengers, and cargo. The prospects for moving offenders as cars and factories, the atmospheric

passengers and cargo to and from airports through pollution contributed by today's aircraft will assume

urban distribution systems that are becoming lees a proportion of the total that will attract increased

adequate each year are even more dismal. (Today attention. Noise and pollution will lend pressure-

not a single hub airport is directly connected to emotional but perhaps unbearable pressure-

the central city by a fast subway or railroad system.) to move airports farther from our cities. They will

And there Is also the problem of how to control force the imposition of noise-abatement flight pro-

the growing numbers of aircraft that will be occupy- cedures which are even more restrictive than the

Ing the airspace, including takeoff, routing, and ones that are already shrinking critical airspace and

landing, within acceptable standards of safety, raising operating costs. Financing the building of

noise, and pollution, new airports Is going to offer a major challenge
if noise and pollution force the issue.

it is difficult to predict what will finally limit the
capacity of Individual airports. It could be airport Locating suitable real estate is going to presnt

access and egress. It could be the ability of the air another problem. An important Inhibition to growth

traffic control system to handle arrivals and de- is indicated by the comment t on a clear day

parture. it could be the terminals themselvee--he from the top of the Empire State Building one can

number of people that can flow through them In see 1300 separate political juridllctlons. When a

a given period. it cg.lid be the ground-handling community Il forced by congestion to the decision

faclitfies for airplanes. A recent study by the Gen- to build a new airport, that new airport will most

end Manager of Los Angeles International Airport probably have to be built on land belonging to

Indicates that this airport's capacity will finally another community. Reads and Other access Sye-
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tl2iii iu Irg new airport will generally have to croSS Co-oerdnated. sysltm-wide adoption of automated
real statae controlled by several other communi- ticketing ano baggage processing, whh are
e&s. The re- Iting jurisdictional problems can within the pIosent state-of-the-art. would go leo

create years of delay before concrtoe i. poured, toward eliminating a major bottleneck In paucenger
and; thoy can force compromisos that must Inevi- flow through termMaLs. This in itself would offer
tat•ly result in loes-than-optimum facilities. The rolief, but if such a sstem were incorporated in
delays occur as a function of local prerogative. a complex of passonger-procseoing satelites
The compromises are a consequence of the fact strategically located within and close to urban

trial irport planners employ criteria that differ complaxes, a large pact of the terminal congestion
from tifon4e us"d ity urban aut hi•)hway pltanis. prill.i•,l Wtill libai.lyoni ietla iia. etw the Istagr.t
a•i PIINltltiii 1t0 t~ltta ieiiiiitjty knlviiie lJit tNrg WMIl0nat1e iit hittli t01eiir11i1 0iaat1 spwt eqkiteliciftntal
.• tlually oltolaweul tinds Is lowlih co"nducted Ior riutld be modified. Automobiles could b* driven to

the mos pert by men working in Isolation from ech the sateltite Instead of to the airport. Well-wisher
other. Taken togelher, these problems may corn- would not have to accompany passengers to the
pletely block the buidg of badly needed nfow airport or go there to great them. Trensferring the
facllties. paseenger and his baggage from the satellite to

the airport could be handled on an evoutionary
By far the most difhcult growth constraint facing basis, beginning with standard large-capacity
the air transportation system is that of financing, buses, limousines, and taxd, It satelltllelocations
At a point in time when U.S. airlines are committed were planned with the airport access proolem
to the purchase of $10.5 billion in new equipment in mind, such a primitive system could evolve to a
through 1971. austerity programs are forcing adop- ground transit system carrying the paseenger
lion of a federal fiscal policy that passe to the to the airport and. In follow-on refinements, bring-
users the responsibility for paying for a greater ing him directly to the skin of the aircraft. While
share of the system. The airlines have been told, in such a plan may be distasteful to air travelers
effect, to make the service fit existing fiscal policy who have been conditionedlo expect fancier treal-
rather than to expect fiscal policy to evolve to ment. the alternatives, with their delays and true-

permit development of the desired service. This tratlons, may prove to be even more distasteful.
policy portends inadequate traffic control facilities
and overburdened controdiers. New airports. im- The plan has other advantages. An airport that did
provements to airports and new access systems not have to devote so much space to classical
must be planned against lowered federal aist- passenger faciitles---lcket counters, circulation
once. Because the crIsis Is so near and the lead areas, concessions, public conveniences, walitng
times for constructi-g new facilities so long. &s- rooms-could then devote more space to its proper
to rity measures could not have come at a worse business: landing, maneuverno , svJin, and
time for the air transportation system. loading airplanes, An airport that did not have to

devote so much space to car parking might find
Clearly, no one yet knows specifically what steps room for extra gates, ramps, and toaxways-adl
st- Aid be taken to optimize the performance of our In some cases, for a parallel runway that would
air transportation system while adequately pro- nearly double the acceptance rate for ladns
tacking other segments of society in the face of Vt and takeoffs.
impending crsis composed of so many contributory
factors. But it Is nonetheless possible to outline Carrying such a plan to its logical end, other typical
some systelm-orlentd options for the planner and airport functions could be moved off-airport. This
some recommendations for further study. would include cargo-processing functions such as

containerizatim. palletlzation. and break-bulk
The Airport Problem operationg as well as heavy aircraft maintenance
The projected increases in air passenger traffic and overhaul.
lead one to conclude that even if concurrence had
been achieved amongthe jurisdictions knofved, If Compared to requiremnents for t construction of
plans had been approved, and if financing were In new airports, satellite system requirements are not
hand. new terminal facilities could still not be con- immoderate; satellites Could probably be in opera-
structed soon enough to forestall peak-hour con- tion sooner and at lower cost. Adopted as a stan-
gestion of epic proportionsl Consequently, the derd for future airport planning, the satllite plan
near-tern solution must be found in increasing the could end the traditional ways of thinking about
flow of passengers through today's facilities and airports, which othewiwse will continue to create
along the "cew route to tiem. Fortunately, eon- pricidi cGrims In the air transportation systom .
siderable early relief is availabe., although autley-
ing it will require abandonment of traditlonal w ay Such a plan will unloubtedly run Into serious op-
o• pooeesn pasengers position on the s grondsa hate Indome from
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suPPOrt facilities at airports is necessary to main- As far as the competition from general aviation
tain the airport's principal functions; consequently, for airport facilities is concerned, the solution
the development of a system of satellite collection- appears to lie in Providing equal but separate Is-
distribution points will require a new view of airport cilities tor general aviationl at reliever airports
*financing. The satellite plan would also benefit in hub areas, a solution that takes into account bolth
materially from standardization by the rhajor air- Ithe Itradfitimonaredom to fly nd Mhe fact that it is
lines of passenger- snd baggage-processing not In the public Interest for a private airplane with
methods, an agreement which may be difficult to two Persona In It to delay a commercial aircraft
obtain it? view of the complefihive aspects of air carrying perhaps 500 passengers. It also ttftes into
travel. account the fact that, while rising general "avoiato

activity will certainly effect congestion in the air,
The noise problem associated with the operation of its major impact On the ground will be felt at only a
jet aircraft is a difficult one, for a quiet engine small Percentage of the 10,000 airports In the
is not on the horizon. In lime a set of acceptable United Status.
noise standards will be established, and compatible
!and-use plans to attract industrial rather than Alr Traffic Control
.rSsidential development to the periphery of airports It air traffic is to grow with the national economy.
will gradually be evolved. These steps and the t0e airspace must be treated as a national resource
imposition of restrItfive noise abatement aircraft and Public funds must be Committed. A new traffic
routing Procedures will help. Nonetheless, mounting Control system will hae" to he developed to aug-
Opposition can be expected from those citizeris mant and perhaps eventually replace the present
who IN- within the leigh-noise patteirns of airports, radar-based system, which witll be inadequate for
it is clear that we ars not going to atop flyImg but the anticipated traffic. Technology is ready and
it is equally clear that we Could attach so many wetting to computerize and combine Ons meteco-o
penatie to hnvestrieet in coanmerciald avipatio that logqal. navdgational, contro and 401mmun1Icat64on

a wold seesto ttiat Ivestrsdata fed through the air traffic system; realization
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this ob3jetive Would go far to improve safety they do not provide an adequate base for decisio
and-.:oroli~ve the norve-wracking burden shoul- making.

dere by ir taffc cotral~nLFuture developers will look to the federal and state
A dccis~on to require general aviation aircratt to governments, for assistance In the formi of grants.

*."_,eidquate avionics packages or be restricted loans, a"d tax Incentives, The private Investment
i. ;o, %.ais~y difficult to Make. Similarly, A1 is not se.ctors. and the uaers too, must assume a share

easy to decide to impose requirements such as in the financing to ensure that tree competition
minimum speeds and pilot proficiency atandards Is Mo replaced by excessive govarmentall restaltl,
on floneral Aviatlion. yet there seemsa to be no aler liwevoir, unless and utetil adequate dat aa awe de-
rnativo it we .111 to uvolt untilahi conditions and veloped and organized. the prospects foir arttoi-
doilay in the normpaco. Our system, although recog- latIng an effoctive fiscal policy ar not br~ght
nizing every CItien'S tight to usas the national
resources, also contains precedents foir reatricitln Tartanpertateion policyv
that right Ini the public Interest. Utopia does not Its ahead. It Is net likely that teen1f-

nelegy. for all the blessings It may bring. witll give
Air Freight and Cargo us a world free front noise. pollution. traffic janm
The ros torecasts. for the growth of sir freight andl on the ground and in th, sir, irate travelers. jurts-
cargo probably disregard a great many hurdles that dlictioriall quarrels, or &Wsefah public and private
must be cleared betfore these levels are attained. interests. Our problems now are taking on a new di-
Many potential shippers do not understand sir mension, with the result that today the crux of
logistics as a means of increasing sates and profits the matter lHes not in the mealm of what technology
by enlarging market areas, increasing the length can do but rather itn whet we went it to do.
of time perishables and style-obsolescent products
can be on the market, lowering inventory costs. One conclusion stands out, unmistakable And in-
and reducing the time between shipment and pay- controvertible. There Is an urgent need for organ-
ienst. Computer-aided analyses of distribution Ized planning oriented toward the total air trans-
coats have not been made available to industry and portation system of the future. None of the
commerce on a sufficient scale. The advantages options can be initiated with confidence without
of containerization have not been made apparent, further study to close the gaps in data and knowl.
nor has the requirement to develop containerIze- edge. The options represent at once opportunities
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AERONAUTICAL RESEARCH

TUIMDAY, DRCJEXDE 9, 1969

Housm Or PRUNTATvzs,
CommiarE oNi SoUNoz mm ASTrzOAuTIcs,

SUBCOmLumm ON ADVANCD R•rEAROH AND TECHNOLOGY,
Waahington, D.C.

The subcommittee met, pursuant to adjournment, at 9 a.m., in
room 2325, Rayburn House Office Building, Hon. Ken Hechler (chair-
man of the subcommittee) presiding.

Mr. HEcmJZ. The committee will be in order.
We are pleased to welcome back this morning Bruce T. Lundin,

the Director of Lewis Research Center of NASA, and also former
Acting Associate Administrator in charge of the Office of Advanced
Research and Technology in NASA Headquarters.

Good morning, Mr. Lundin. Glad to have you back. And if you
have a prepared statement, you may proceed.

Mr. LuxDiN. Yes, I have, thank you.

STATEMENT OF BRUCE T. LUNDIN, DIRECTOR OF LEWIS RESEARCH
CENTER, NATIONAL AERONAUTICS AND SPACE ADMINISTRA-
TION

Mr. LuNin;. Mr. Chairman and members of the subcommittee,
it is a privilege to appear before you once again, and I am grateful
for this opportunity to participate in these hearings on our Nation's
aeronautical activities. Considered in its full scope and implications,
I believe it is not an overstatement to observe that we are now engaged
in our Nation's third period of deep concern aind response in aeronau-
tics. While the prior periods of concern were associated with gather-
ing war clouds in Europe, today's challenge to our aeronautical health
has the added dimension of the numerous and complex problems of
civil aviation-problems arising not from an external threat but
born of the remarkable success and rapid progress of air transport.
These hearings will surely be an important part of the process of
marshaling our national strength and will to assure both our con-
tinued miritary superiority in the air and the economy, safety, and
convenience of our civil transportation system.

In spite of the difficulties, we have reason to face the future with con-
fidence. In a way, we've been here before. For those of us who are now
old enough to have lived and worked in the NACA laboratories
through the 1940's and 1950's, it is satisfying to see so much of our
early research embodied in today's aircraft. Every supersonic airplane
in the world today bears the mark of the area-rule, or coke-bottle shape,
developed by the aerodynamicists of the Langley Research Center. The

(149)
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transonic compressor and the methods of turbine cooling developed
at the Lewis Research Center are found on all of today's jet engines
When I inspected the Concorde airplane in Europe this pest summer,
I found engine inlet and afterburner designs that were direct descend-
ants of what we were researching in the late forties and early fifties.

The list is long, and I recall these few examples not to prove that we
were good, or even to note the rather long period of time required
between laboratory research and operational aircraft, but rather to
serve as a springboard to an examination of the factors or conditions
that were present that enabled so much useful research to be con-
ducted. Whle it may not have been apparent at the time, in retrospect,
at least four factors come to mind that were of importance.

First, we had first-rate facilities in which to work. They were mod-
em, unique in the free world, and well suited to the problems of the
day. When NACA first set up shop in 1915, one of the first things they
did was build a wind tunnel. Ever since, men of faith and vision in
both branches of the Government continued to expand and keep this
aeronautical research plant up-to-date. Proof of an economic return,
cost-benefit analysis and a prior mission requirements were not the
mode of the times. The lesson of this piece of history proves the wis-
dom of going forward on the judgment of responsible and experienced
leaders. While reviewing some documents of the time recently, I came
acros a statement of the Bureau of the Budget which noted that the
value of one set of tests in the 8- by 6-foot tunnel at Lewis, which led to
improved afterbodies for the F-102, F-104 and F-106 airplanes, justi-
fied the total cost of the facility. That situation is probably true for all
of our fadilitiem.

A second factor in our favor at the time was our youth. Most of the
people doing the research that led to the rebirth of our aeronautical
strength after World War II were in their twenties and thirties. They
didn't know what couldn't be done, and were willing to plunge ahead,
unafraid of failure. The total atmosphere was one of excitement and
creative endeavor. Closely associated with this creative, innovative
environment was, thirdly, the independent position of the NACA. Cre-
ated to serve the technical needs of user agencies or industry, it was,
at the same time, free to reach beyond the particular, specific problems
of the day and to develop a broader body of knowledge.

Actually, a strong combination of both working on the current prob-
lems of user agencies and using this contact with real problems as a
base to broader or longer range inquiries developed. Each activity, in
turn, served the other. I am convinced that had the NACA depended
upon reimbursable funds from other groups for its operation, it would
have lost both the continuity of effort and the freedom to reach beyond
defined requirements that has produced many of the features of the air-
planes that fly today.

A fourth element of strength also arose from the close association
with the user groups, with those having responsibility for mission or
operational success. The close working relationships, almost to the
point of a mutual dependence, that developed between the NACA and
the U.S. Air Force provided clear objectives and tangible goals. Ap-
plied research needs a focus, and as we sought to find ways to enable
airplanes to fly faster, farther or higher-the goals of the day-mean-
ingful research objectives such as less drag, high turbine temperatures
or more efficient combustors could be pursued with purpose.
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These are some of the political and economic factors which, I believe,
enabled the healthy growth and ready application of our technical
capabilities. While the world is no longer so simple, we had best take
care that we either take them with us into the future or alter them
only with great care and deliberation.

But now for the future. Our present aeronautics research program
"is, of course, a broad one, and it is impossible to know with certainty
from just which quarter the big advancements of the next decade wil
come. But a few main elements seem to stand out that are worthy of
mention here.

_High on the list is the burgeoning field of avionics. The development
of the digital computer, the ability of microelectronics to put it into
airborne packages and power requirements, and the operational capa-
bilities developed and demonstrated in our space program will surely
change the nature of our future aircraft systems.

Fully integrated control, from a central airborne ormputer, per-
haps talking to a computer on the ground or in orbit, will be in com-
mand of all phases andlarts of flight. Engine power settings, the op-
eration of flaps and landing gear, the selection of optimum flight paths
with regard to traffic weather or fuel reserves, the control of landing
patterns will all be selected and operated in an automatic fashion from
a central computer. We do that now with our rockets.

The flightcrew will be relieved of those duties that automation can
do better, and will be occupied in selection of programs and in monitor-
ing the whole operation. And, when changes are needed or things go
wrong, they will either abort the standard program or take over them-
selves, much in the manner that Neil Armstrong did on our first lunar
landing. These inevitable developments in aviation, based on both our
electronic technologies and our experience in space, should contribute
much to both the economy and safety of aviation.

I have already alluded to the role of man in the system, and com-
mend to your attention in the years ahead this new field of research.
Man is no longer simply the guy who has to operate the machinery,
but is very much a part of the total system. What kind of displays are
best for him, what makes him tired or confused, how well does he work
when under stress or fatigue, how should tasks be divided among a
flighterew are matters of current research that will be of increasing
importance. In a way, we know much more about the mechanical parts
of the system than we do %bout the human parts.

Among the most dramatic and, possibly, the most imlprtant aspects
of this man-machine integration is the role of the flight simulator.
Although the flight simulator has been around for quite a while, its
power Yor pilot training was most dramatically demonstrated in our
Gemini and Apollo programs. The extensive use of simulators for
training in rendezvous, docking or landing on the moon provided an
essential part of astronaut training. Almost without exception, every-
thing they experienced for the first time in space was an old familiar
scene.

But simulators are also an important research tool for aircraft
development. There is being constructed at the Langley Research
Center a differential maneuvering simulator in which two different
airplane cockpits can be set up such that one may fly in combat with
the other. Each pilot will receive a display and operate his airplane
in accordance with and in response to the actions of the other. By
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giving each one a different kind of airplane to fly--by changing the
equations in the computer that connects them-we will be able to
evaluate various types of combat aircraft prior to building any hard-
ware or even signing a contract. A simplified version of this type of
simulator is being used at Langley to study F-4 and F-Ill spin entry
problems, and has also been used m evaluating the handling qualities
of Iangley developed F-15 aircraft configurations.

A pilot also flys by more than what he sees out of the window or
on his instrument panel; he also flies very much by the seat of his
pants. When an engine fails in an SST, the pilot will respond more to
the sudden and large yaw motions of the aircraft than to the readings
of his instruments. And so, for the very large and flexible airplanes
of the future, we have brought into operation this year at the Ames
Research Center a moving base simulator. This research capability is
of particular importance in human research and pilot training for
large, flexible aircraft in which the motions experienced by the pilot
are different from, and even unrelated to the motion of the center of
gravity of the airplane along the flight path

Pilots who have flown both the DC-8 and this simulator when
rigged up with the equations of this airplane are enthusiastic about
its value and realism. Airplanes such as the 747, the Concorde, or the
American SST are pretty expensive machines to use for pilot training
and exploration of safe operating limits. I am therefore very pleased
to report that we are now joining forces with the FAA to use this
simulator for evaluations of the Concorde airplane.

Another field of research that is always of large importance is that
of materials. Although progress in this field has been characteristically
slow and steady, several things are now going on that have the promise
of a real breakthrough. The main thrust of our program in engine
materials is--

(1) Toward lower engine weights through the development
of materials of higher strength, higher stiffness, and lower
density;

(2) Toward higher engine temperatures through development
of high-temperature materials; and

(3) Toward improvements in engine reliability and life by a
better understanding of why components fail, better life predic-
tion methods, and the use of materials of better performance.

With regard to high strength materials, two new and promising
approaches are--

(1) Alloys produced by forging from prealloyed powder in-
gots rather than by forging of melted ingots; and

(2) Thermomechanical processing in which mechanical de-
formation, or coldwork, is used together with precipitation in
alloys that may have been strengthened previously by precipita-
tion alone.

The strengthening ir-rease by either powder metallurgy or thermo-
mechanical processing is potentially very large. The ultimate tensile
strength of one extruded powder product, known as TAZ 8A, is about
230,000 pounds per square inch, as compared to 130,000 pounds per
square inch in the cast condition.

The yield strength of another alloy, U-700, has been shown to be
increased from 120,000 pounds per square inch to well over 200,000
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pounds per square inch by using the thermomechanical processing.
Such increases in the strength of materials will enable us to not only
use that much less of them in an engine, but more importantly, will
open up entirely new avenues of engine design.

For some engine parts and most airplane parts the stiffness of the
material is also of importance. Here, the composites of various fibers
embedded in a matrix have large potential. Graphite, boron, and
beryllium have a very high modulus, or stiffness, and when embedded
in a polymer matrix they can produce a material that has about three
times the specific strength and five or six times the specific stiffness of

steel, titamum, or aluminum. Of course, problems remain, and there
is much yet to be done.

These composite materials are subject to erosion damage, are more
sensitive than conventional metals to lightn strikes, and are limited
in temperature. As you may have heard the fibers are also expensive,
costing several hundred dollars a pound. And yet, I am reminded that
it was not too long ago that aluminum cost as much as boron fibers do
today-and we are now using aluminum for throwaway beer cans

A few words are also in order regarding high temperature mate-
rials. As one example, a recent analysis by Pratt & Whitney Aircraft
indicates that the use of a material that could operate at 1100 higher
temperature in a turbine would produce a 10-percent increase in air-
c~ra. range for one mission and a 30-percent increase for another
mission

But two problems face us as we try to achieve materials that are use-
ful at higher temperatures, the limitations inposed by oxidation re-
sistance and the limitations imposed by strength. One, but by no means
the only, approach to oxidation resistance is the development of
improved coatings

Now, most advanced engines use coated materials, typically alumi-
num diffused into the alloy surface. Our data indicate that these coat-
ings provide an improvement by a factor of 5 to 10 in life, or 500 to
150 in temperature capability over an uncoated material. But at the
higher temperatures we wish to operate, the life of the material falls
of rapidly.

One piece of recent research using an Fe-Cr-AI-Y alloy is therefore
of interest. This alloy is oxidation resistant, but very weak. It has,
therefore, been made in the form of sheet and bonded to the strong
superalloys, thus providing a protective coating. Recent data show this
combination to provide an improvement by a factor of eight in life
over the best current aluminide coating.

This brief comment on materials research cannot, of course, touch
on more than a small part of the total program, and which I am sure
you will be hearing more about in the months ahead. My main pur-
pose in calling it to your attention here today is to note the possibly
large improvements that current research in this field offers for the
future.

Better materials, materials that are stronger, stiffer, lighter, more
enduring and capable of operating at higher temperatures will, of
course, 6e useful everywhere. One field which will especially benefit is
that of V/STOL aircraft. Both types of aircraft, VTOL and STOL,
can possibly contribute much to relieving many of the transporta-
tion problems that beset our large urban centers. But, as I have noted
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befo o this subcmmitt on prior occasions, the development of this
olm of aircraft, particularly the VTOL type,.hus been frustrated
by jpowerplant weights and by complex control and handling charac.
teristics.

Many of the things now going on in electronics research, or avi-
onics, promise to take cars of the control end of it. As for the propul-
swin system, thes are now emerging from the laboratory many new
concepts of compressor and turbine design and of advanced com-
bustors which, together with better materials, promise a real step
forward.

Althoh this propulsion research, like much of aeronautical re-
search, ishi.hly technical in scope and detailed in nature, one general
chaacteristic is worthy of note. This characteristic, not present a dec-
ade or so ago, is the very high degree of interaction among the engine,
the inlet, the exhaust hnezle, and the airframe in which it is installed.

Recent tests of supersonic inlets show that the flow of air through
the inlet system may not only be distorted, or uneven, across the duct
to the engine, but that it may also Oscillate at fairly high frequencies.
And when we couple such ashaky" airflow to an actual engine, the
engine experiences a compressor stall and may cease to oprate.

Because the frequencies of these flow oscillations are, airly high,
their presence remained undetected until advanced, high-frequency
instrumentation became available; the causes of compressor stall un-
der these conditions remained, until recently, something of a mystery.
But now we are on the track to both learning how to design inlet sys-
tems capable of producing a smoother flow of air, and to tracing these
fluctuations of pressure, temperature, and flow velocity through the
various components of the engine to achieve an understanding of the
physical processes involved.This work must, of course, be done with complete, full-scale engines
operating under realistically simulated flight conditions. Fortunately,
the Air Force has been able to provide us with modern engines for this
research and the expansion of the Propulsion System Laboratory of
the Lewis Research Center provided by the Congress in 1967 has pro-
vided the large test chambers in which they may be installed.

Just as the engine and airframe have now become a tightly inte-
grated system, so also has the complete airplane become an interacting
component of a total transportation system. No longer is the best air-
plane the one that flies farther, faster and higher, or even more
quietly, safer or economically. It must aiso fly in a manner that is at
least compatible with, and preferably in an optimum combination
with, the air traffic control system.

Conversely, the design and operation of our future air traffic system
must be compatible with the characteristics of our future aircraft.
Even the runway acceptance rate, the handling of the air lane on the
ground and of its passengers, cargo, and servicing, must be treated as
a whole.

These problems are obviously as complex as they are important. To
affect solutions here, we will need both new, complex and expensive
research facilities capable of dealing with big system problems and
new working relationjships and political arrangements among the sev-
eral agencies of the Government and industry who are inescapably
involved.
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As ons final comment about the technical nature of the years ahead,
I would note the possibility of increased interest in the transonic-
speed ran ge, or in the range from mach 0.7 to mach 1.4. The cruise
speeds of commerical and military transports have already reached
about mach 0.85, and further increases to about mach 1.15 are of
interest becaus this speed can be attained without sonic boom effeet.

The transonic speed range is also critical for a supersonic trans-
Port because performance in this range determines subsonic cruise
efficiency. Transonic speed characteristics are important to fighter air-
craft because they are required to maneuver at these speeds, %nd they
aire mportant to bomber aircraft because they affect the engine se
which i neiessary to accelerate to higher supersonic speeds.

And so, I think you will be hearing us talk quite a bit about prob-
lems in the transonic range in the years ahead. And there are many
problems and difficulties here. It is in this speed range that many inter-
actions, shock waves, and flow separations occur that become important
to the thrust, drag, and stall margin of the engine and on the lift,
drag, and buffet characteristics of the aircraft.

Unfortunately, mathematical prediction techniques do not work well
in this speed range, and experimental testing becomes of major im-
portance. But, again unfortunately, the characteristics of transonic
tunnels are such that only very small models of the order of 1 or 2
percent of the tunnel throat size, may be used and scaling up results
from very small models to full size airplanes is at best difficult and
usually impossible. We will be paced here for some time to come by
the capabilities of our experimental facilities.

But tough as all these problems may be, we can, as I noted at the
outset, face the future with confidence because we do have a number
of things going for us. In the first place, we are and will continue to
reap many benefits from our space technology program. Not only will
the control, navigation, and communications aspects of aeronautics
benefit in a fairly direct manner from space activities, but the broader
technologies of materials, electronic components, power systems, man-
machine integration, and many other space-borne technologies add to
our aeronautical strength.

We also have modern high-speed computers for problem solving,
advanced instrumentation and methods of data handling, and a whoe
array of management and communication skills that were not present
a few years ago. And we do have today, in place and at work, a total
force of some 5,000 men and women in NASA engaged in aeronautical
research. Their work is, for the most part, quite good; we are aware of
the problems and are, I believe, responsive to the needs, both short
and long range, of the responsible user agencies. This is, perhaps, our
greatest asset.

But recognizing our problems and assessing our strengths is not
enough. We must also marshal and manage th resources to meet
the new problems. In so doing, I suggest that at least the following six
points, arranged not in any order of priority, be on our agenda for the
future.

For one, we must give impetus to the long process of rebuilding our
aeronautical research facilities. During this past decade, some $35 mil-
lion have been invested in the aeronautical facilities of NASA, as
compared to a total of $169 million in the preceding decade. Just what
these future research facilities should be is, for the most part, for
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others to determine. I would suggest, however, that some of the main
elements include facilities to conduct research on large-scale total,
intating sysem in the new field of avionics, on research dealing
with man-machine integration, and on the transonic speed regime.

Also, the difficult gap that always seems to exist between research
and development must be given constant attention. Technology that
isn't used is no good, and a new system development that isn't based on
sound technology is destined to fail. We should, I believe, concentrate
a little more on doing and a little less on studies. We should not be
afraid to build experimental hardware just because a need isn't proven
or because it might not succeed.

Efforts to close this gap between research and system development
has sometimes been identified as a proof of concept activity or in the
building of demonstrator hardware. Neither term properly fits the
situation. Rather than simply prove that a concept is correct or to
demonstrate a capability to skeptical users, what is really needed is
experimental hardware to complete a technology development or to
evaluate a new operational concept before a major system develop-
ment is undertaken.

A typical example of such experimental hardware is found, I
believe, in our quiet engine project at the Lewis Research Center. Here
we are not building a complete engine, or even a prototype of a pro-
duction eng ie but are building fullscale experimental hardware in
order to identiiy in an authoritative way the technologies required to
build quiet engines. This provides us both with engine design rules
for possible future aircraft engines, and will provide the Department
of Transportation with authoritative technical data on which theymay with confidence base future noise regulations.

Another gap that must be filled is the descreasing fallout from
military developments into the civil area. No longer can the require-
ments of our civil aviation system simply follow prior developments
in the military sector. I look forward here to the increasing attention
in the NASA research program to the problems of civil aviation such
as engine noise, aircraft safety, navigation and traffic control, pilot
training, etc., and to the emergence of close programmatic and
working relationships between the NASA and DOT along the lines
that have existed for decades between the NASA and the DOD and
their respective predecessor agencies.

In the long run, it is of the utmost importance that the support of
the NASA aeronautical research program be kept free from financial
dependence on the user agencies or industry. Research is a long-range
business, and cannot be conducted with a year by year dependence on
someone else's budget. Continuity of effort is more important than
higher average budgets obtained through a process of periodic build-ing up and phasing down.

Furthermore, user agencies, with their pressing and important prob-
lems of the day cannot be expected to support or even understand
the reach beyna today's problems into the future that is so essential
to growth. Znd finally, those whom we would serve are deserving of
an objectivity that can only come from independence of support. The
long and successful history of NACA proves the ability of an inde-
pendently supported agency to respond to the needs of others.

And lastly, a word abut our people-our most precious commodity.
We have today, as I noted earlier, a work force of some 5,000 men and
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women in NASA engaged in the broad field of aeronautical research.
This is. a strong capability that is producing valuable products, and
which is a good base upon which to build. The constantly shrinking
R. & P.M. budget, and the virtual hiring freeze that has been necessary
at our major research centers is, however, a matter of deep concern.

As I return to our research centers and visit the laboratories where
the work is done, I am deeply disturbed by the relatively smaller pro-
portion of young people about. I therefore strongly urge your su pport
of efforts to reinstitute the ability to bring young college graduates
into our centers. While the funds required are relatively small, we are
gettin(y close to reaping the bitter fruits of an aging research organiza-
t'ion. Tlhe loss of a proper skill mix that is imposed by such personnel
limitations also results in a degradation or interruption of skills and
services that can have far-reaching implications on the total operation
of a center.

I am speaking here not of the total level of activity that may be
underway at any particular time, but of the long-range strength and
vitality of our Federal research laboratories that have served us wel I
for many decades and which are, in many ways, our best hope for the
future.

That completes my prepared statement, Mr. Chairman.
Mr. HECHLER. I congratulate you, Mr. Lundin, on an outstanding

analysis of the ongoing programs for aeronautical research, and also
for posing some of the problems that we are going to confront and
have to grapple with in the future.

You mentioned here the age of the 5,000 employees. You may not
have figures on this, but I think it would be helpful to have someone
in NASA supply us some more specific average age figures which go
back a few years--say to 1960, when you probably had less employees--
and the age of those employees at that time. I assume they weren't all
the same employees.

Mr. Lu-.IN. Yes, Mr. Chairman. I would be glad to provide that
information for the record, and I would appreciate the opportunity
to comment further.

If we simply compare the average age, that is not a true measure
of the problem I am concerned with. The average age in our centers
now-and it varies from center to center, so I can be only approximate
at this moment-is somewhere in the neighborhood of 38 to 40 years.

If we look back to 1960, we may find that it is 3 or 4 years younger
than that. But what is giving me even a greater concern than the
average age is the absence of young people in their twenties doing
research. There is a smaller proportion or percentage of younger
people in the laboratories now, that is not fully reflected in computa-
tions of average age.

(The material requested is as follows:)
The problem discussed by Mr. Lundin Is the inability on the part of NASA

in general, and OART in particular, to maintain the inflow of young people into
NASA laboratories. This situation results from two principal compounding
factors. First is the successive reductions in authorized ceilings, amounting to over
1,000 positions in the last 3 years. Secondly the attrition rate at all Centers
has always been modest, and in the last 2 or 3 years only half of that of more
normal times. These two factors, in combination, have precluded hiring of special
skills and young college graduates into OART Centers.

The most serious aspect of this problem Is the absence of young people
with special highly needed skills at our Centers. As shown in the attached
table, the entrance of college graduates into our Centers has dropped from a

3S-681-70------11
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normal value of 179 In 1966 and 165 in 1967 to only 28 last year. As a result. the
number of scientist and engineers under the age of 30 has decreased by 200.
or nearly 20 pereent, within the last 2 years.

The effect of this situation is twofold. In the near future, because of dispropor-
tionate separations in some skills categories, the skills balance required for
effective operations will be lost. Of even more importance is the inability to
bring Into the OART organization fresh, new talent that is the life blood of
any research group.

New hires of scientists and engineers uvnder 30 years of age

Fiscal year:
1966 -------------------------------------------------------- 19
1967 ---------------------------------------------------------------- i.
1968 ---------------------------------------------------------------- 77
1969 -------------------........--------------------------------- 2

OART SCIENTIST AND ENGINEERS UNDER 30

June 30,1967 June 30, 1968 June 30, 1969

ARC ------------------------------------------------------- 123 129 102
ERC -----------------. ... ..-------------------------------- 67 11 78
FRC -------------------------------------------------- 59 57 50
LRC .........---------------------------------------------- 409 407 321
LeRC --------------------------------.------------------ 344 327 268

Total, OART ------------------------------------------ 1,002 1,001 819

Mr. HEcnLm. The reservoir is getting depleted, so you look for-
ward to some barren years in some areas?

Mr. Lurnx-. Yes. Another number that might reveal this to you,
Mr. Chairman, is that we have, in the five research centers for which
I am still responsible as Associate Administrator of OART, tradi-
tionally brought into our research centers between 150 and 200 college
graduates every year. For the last 2 or 3 years, that inflow of young
college graduates has virtually diappeared, so this clearly results
in a lack of youth coming into the centers.

Statistics are not available, but I can assure you also that there isthe situation that the young people that have come into our centers
over the past 5 or 6 years, partiularly in the period from 1960 to
19652 have tended to go into more of the space-oriented than the aero-
nautically-oriented activity, because in those years, 1960-65, the space
technology was, of course, the more attractive field for young people.

Mr. WsICHUm . Well, we are going to explore this subject in a little
more depth with Dr. Stever and Dr. Bisplinghoff. Any data that you
can supply that would enable us to pin down both thel problem and
the effects of the problem, and the future of what the problem is likely
to be and what could be done about it, would be extremely helpful t5o
the committee.

Mr. LuND-I. I would be pleased to do that.
Mr. HECELER. I hope you will supply that for the record.
How many centers are now working on aeronautics?
Mr. LuwNDi. For the most part, five. Lewis, Langley. Ames, Flight

and Electronics Research Center.' Some specialized or' selected work
identified as aeronautics is going on at the Marshall Space Flight Cen-
ter, and the Manned Spacecraft Center in Houston. But it is where
they have special selected skills, rather than a broadly based program.

Mr. HEcmum. Are there any advantages or disaavantages in cen-
tralizing this work?
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Mr. Lu"xN. Yes, and it depends on what we mean by "centralize."
Each center has, and I believe strongly needs, what I sometimes call a
pole to rally round, a central area o responsibility, so that everybody
in the center, from the center director on down to the working people
at the bench feel "this is my responsibility and area of expertise, this
is where my agency and my country is counting on me."

For instance, Lewis is traditionally, and we feel very much that we
are, a propulsion center. Work in aerodynamics is the strong point at
both Ames and Langley. Simultators, as I mentioned, are at both
Ames and Langley. High temperature materials at Lewis and struc-
ture at Langley. We look to Ames and to our center in Houston, the
Manned Spacecraft Center, for research in human factors, the Elec-
tronics Research Center for the centralized electronic activities.

So each center tends to have a major technical pole to rally round,
and in that sense it is centralized.

SAn increasing trend, and a matter that we have given our atten-
tion to quite a bit recently here at headquarters, however. is how the
different centers must relate and coordinate their activities, because
as I mentioned, we are no longer dealing with separate pieces. It is
quite highly integrated.

For instance, we have engine and inlet work going on at Lewis now
that is a common program with engine inlet flight characteristics and
flight testing at our Flight Research Center, on the F-111 airplane.
This is more and more typical of the different centers, where they have
to join into a total system view, each contributing from their area of
expertise.

Mr. HECHLER. I have just one more question before I yield to other
members of the committee.

I have expressed in this committee what I think is the need for an
expression of national aeronautics and aviation policy, at the highest
level. If such a policy were expressed, what effect would it have on the
work at these five centers? Would there be any advantages or dis-
advantages for NASA's work if such a policy were formulated?

Mr. LuNmnI. I guess, Mr. Chairman, that would depend on what
the policy turned out to be.

Mr. HEcHLER. This gives you a free and open opportunity, then,
to give any views you care to.

Mr. LuNDIN. I feel a certain amount of confidence, if I may, Mr.
Chairman, in the stability and value of our Federal research labora-
tories. I think a policy might be helpful in perhaps further clarifying
roles and responsibilities among the agencies. That might be a he] pful
thing for organizing programs for the centers.

Mr. HECHL!2t. You had a fascinating phrase on page 12, at the top
of the page nere, where you say:

To affect solutions here, we will need both new, complex and expensive
research facilities capable of dealing with big system problems and new working
relationships and political arrangements among the several agencies of the
Government andindustry who are inescapably involved.

I didn't realize they had political problems.
Mr. Ltnni?. Yes. I paused a bit before I used the word "political,"

but I just couldn't find another one more apt. What I had in mind
were things such as the AACB, interagency committees and panels,
and such relationships among agencies.
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We have many of these now between NASA and the Department
of Defense, and I see perhaps more of them will be developed in the
future between NASA and other agencies. My meaning of the word
"political" was joint boards or panels or working relationships of
that sort.

Mr. HEcHLF. I have several questions which I will defer until I
recognize other members of the committee.

Mr. Pelly.
Mr. PELLY. Thank you, Mr. Chairman.
Mr. Lundin, I think I am correct, am I not, that in the main you

take satisfaction in your achievements and your activities, and the
morale of your organization is high?

Mr. LCXDIN. Yes, sir, I believe it is quite high.
Mr. PELLY. One need that you feel is for additional or updated

research facilities?
Mr. LU•NIN. Yes, very definitely. The facilities are the tools that

are used by our people, and they need to be continually brought up
against ana made suitable for the technologies of the future, against
the edge of the technology we are dealing with. I have a concern about
the much lower rate of building aeronautical research facilities in the
past decade than in the previous years.

Mr. PELLY. Is the obsolescence rate of research facAilities, then, very
high?

Mr. LUwNiN. No, sir. It is not so much obsolescence. We f-e still
using some of the very first facilities we built 10 and 20 oi ,erhaps
30 years ago. They have been continually updated by modification and
alteration. But we need facilities that are suited to the new problems
ahead, that the current ones cannot deal with.

For instance, as a simple example, at one time all of NACA's wind
tunnels were subsonic in character, and in the late 1940's we could see
that the new technical area to be engaged in was supersonic flight,
so we built supersonic tunnels.

So I call attention to what I feel may be needed future facilities in
such areas as avionics or the transonic speed regime. These are areas
we are not facilitated adequately to cope with. But our facilities really
have an amazing way of refusing to become obsolete.

Mr. PELLY. You mentioned your quiet engine program. Are you
satisfied with the progress that is being made in this area?

Mr. LuNDiN. Yes, I am. However, it is a 21/½- or 3-year program,
in which we have been engaged only the first 6 months. We are. ready
for the design review of the first designs, and are to be within the next
month ready to pick up the option to proceed into hardware fabrication,
and I am satisfied with the progress that has been made to date.

Mr. PFLLY. You are aware of the 1968 Noise Abatement Control Act,
which was passed by Congress in 1968. Are we making progress as
certainly indicated by the Congress that we want to make progress in
the field of noise control?

Mr. Lu-NDIN. Yes, sir. Good progress is being made in some areas.
For instance, the acoustical treatment for the inlet duct that we did
research on at Langley, first in small-scale models and then in proof-
of-concept work in airplanes where we made actual measurements in
flight.
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Different designs of acoustical treatment showed that we can reduce
the noise, level between 10 and 15 PNDbJ, and that is a signitic.int re-
duction in noise. It is equivalent to, say, removing the noise source
about three times as far from you.

It is most effective on the landing noise, rather than the takeoff
noise. Progress in the jet noise area is currently underway rather
intensively, but I don't have such final results to report to you. But
there has been progress.

Mr. PmI.y. The reason I asked that question is because while I was
reading the Congressional Record this morning before breakfast, I
noticed one of my colleagues had inserted a statement in the Record
which said that after 17 months, since the 1968 passage of the Noise
Abatement Control Act, literally nothing has been done to implement
the mandate of the act to provide for the control and abatement of
aircraft noise and sonic boom.

And I took exception to that, becuse I feel a great deal has been
done.

Mr. LuNDrN-. I think you are correct, Mr. Pelly, but I also well un-
derstand the impatience. Work on noise within NASA and else-
where really received its major impetus only 3, perhaps 4 years ago,
and it characteristically requires something in the range of 7 to 10 and
perhaps 12 years to. see the results of the research finding their way
into an operating airplane.

Mr. PEILLY. Well, this is the point that I was hoping that you would
comment on. It seems to me that 'it does take a long time to translate
the progress that is made in the laboratory into the final test that comes
with the noise that exists around airports, and with engines.

But I see progress, myself, in my own personal test, which has to
do with a 707 that used to fly over my house out near Seattle: and now
the 747, at about the same height, I notice a tremendous improvement.

And this all comes from a laboratory investigation and experiment
and eventual progress that translates itself into the engine.

I certainly agree with the chairman that you have made a very fine
statement here, one that to me certainly indicates, as I said, satisfac-
tion in your achievements in the field in which you are so interested.
I certainly appreciated your statement here this morning.

Thank you.
Mr. LUNDIN. Thank you very much, sir.
Mr. HIEciir. Mr. Fulton.
Mr. FuLrow. I am glad to have you here. I am sure the chairman ap-

preciates you particularly because of your use of the English language.
As a fellow author, I am sure he appreciates your good usage.

I was at the retirement dinner for Dr. Abe Silverstein. formerly
the head of Lewis Center, Saturday evening. I have been one of his
admirers, so I would like the record to show we feel that under his
leadership the Center has certainly done well, and fulfilled the re-
search and development requirements of this country in very difficult
years.

My question is on the integration of NASA centers with the centers
of technology that are out in commerce, private industry, as well as
in universities and colleges. With the chairman's permission. would
you uit a statement in the record on this, so that we can see how
you relate to the general area of reference of research and develop-
ment in this country?
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fr. LuNDmx. Yes, sir. In industry, universities and colleges?
Mr. FuLTo.-;. Yes.
Mr. Lsx.I would be very pleased to.
(Informiation requested is a's follow-, :)

Aeronautical research and development in the United States has always in-
rolved a close relationship between government and industry and both have
relied on universities for the training of men and women in the aeronautical
sciences and for fundamental-type research. Government involvement in aero-
nautical research started over a half century ago and a primary reason was
that large wind tunnels and related facilities were too expensive for an Individ-
ual company or university to support- The use of these government facilities
for many years has brought government, industry and university research teams
close together. Military requirements for continuing improvements in aviation
capabilities also drew Industry and government into Integrated efforts. In recent
years, industry has built many new and large facilities but these are used pri-
marily for development testing, and industry sees the need for the government
to have facilities for advanced aeronautical research.

At the present time Integration of effort between government agencies and
between the government and the private sector takes many forms. Within the
government there are coordinating organizations such as the Aeronautics and
Astronautics Coordinating Board and its various panels and subpanels. An
example of government, industry and university coordination is represented by
the NASA Research and Technology Advisory Council and Its Committees and
Subcommittees which for aeronautics and space involves about two hundred
members from universities and industry, about fifty from other government
agencies, and over a hundred from NASA.

The NASA aeronautical research program itself provides a variety of inte-
grating and coordinating efforts, e.g., joint programs with DOD and DOT and
participation by univerrities and indus/try in NASA research work under
contract.
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craft Division, United Aircraft Corporation. Stratford, Connecticut 066092.
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Mr. Kenneth B. Amer. Assistant Director, Aeronautical Engineering Division,
Hughes Tool Company-Aircraft Division, Centinela Avenue and Teale Street,
Culver City, California 90230.

Mr. Irving L. Ashkenaa, Vice President and Technical Director, Systems Tech-
nology, Inc., 13766 South Hawthorne Boulevard, Hawthorne. California 9MUM&

Mr. Waldemar 0. Breubaus, Director of Flight Dynamics Division, Cornell Aero-
nautical Laboratory, Inc., P.O. Box 235, Buffalo, New York 1421.

Mr. John W. Carlson, Chief, Stability and Control Branch, Systems Engineering
Group (ASNFD-30), Aeronautical Systems Division, Wright-Patterson AFB,
Ohio 4543.

Mr. Frederick A. Curtis, Jr.. Director of F-Ill Engineering Project Office, Fort
Worth Division, General Dynamics Corporation, P.O. Box 748, Fort Worth,
Texas 76101.

Mr. Harry C. Higgins, Stability and Control Unit Chief, Aerodynamics Staff,
Commercial Airplane Division, Mail Stop 44/62, Organization 6-8"50, The
Boeing Company, P.O. Box 3733, Seattle, Washington 98124.

Mr. William Koven, Chief, Aerodynamics and Hydrodynamics Branch. Airframe
Division, Naval Air Systems Command, Washington, D.C. 20360.

Mr. Norman Lewin, Assistant Project Engineer, Aeropropulsion, F-14, Grumman
Aerospace Corporation, Bethpage, Long Island, New York 11714.

Mr. Arthur C. Ley, Supervisor, Stability and Control, Los Angeles Division, North
American Rockwell Corporation, International Airport, Los Angeles, California
90009.

Mr. Irving Litrownik, Manager, Stability and Control Department, Lockheed-
California Company, Burbank, California 91503.

Mr. Robert B. Meyersburg, Deputy Director, Aircraft Development Service, DS-2,
Federal Aviation Administration, Department of Transportation. Washington,
D.C. 20500.

Mr. Chester W. Miller, Chief Aerodynamics Engineer, McDonnell Douglas Cor-
poration, Lambert-St. Louis Municipal Airport, P.O. Box 516, St. Louis, Mis-
souri 63166.

Professor Edward Seckel, Department of Aerospace and Mechanical Sciences,
Princeton University, Princeton, New Jersey 08540.

Mr. Allan W. Shaw, Chief of Aerodynamics, Vought Aeronautics of Division.
LTV Aerospace Division, P.O. Box 5907. Dallas, Texas 75222.

Mr. E. •. Tribken, Manager, Instrumentation/Electromechanical Equipment,
Sperry Flight Systems Division, Sperry Rand Corporation, P.O. Box 2529,
Phoenix, Arizona 85202.

Mr. William S. Aiken, Jr., NASA Headquarters (Code RA), Washington, D.C.
20546.

Mr. Seth B. Anderson, Chief, Flight and Systems Simulation Branch, NASA Ames
Research Center, Moffett Field, California 94035.

Mr. William H. Phillips, Chief, Aeronautical and Space Mechanics Division,
NASA Langley Research Center, Langley ý ion, Hampton, Virginia 23365.

Mr. Harold J. Walker, Chief, Flight Dyn_,-i •a -iubdivision, NASA Flight Re-
search Center, Edwards, California 985Z

Mr. Robert W. Wedan, Acting Director of Te' i uical Programs (Code P). NASA
Electronics Research Center, 575 Technology Square, Cambridge, Massachu-
setts 0=139.

Mr. Richard J. Wasicko, Executive Secretary, NASA Headquarters (Code RAO),
Washington, D.C. 20546.

IIESEARCH AND TECHNOLOGY ADVISORY COMMITTEE ON SPACE VEHICLES.

FISCAL YEAR 1970

Dr. Ronald Smelt, Chairman, Vice President and Chief Scientist. Lockheed Air-
craft Corporation, 2555 North Hollywood Way. Burbank, California 91503.

Professor Seymour M. Bogdonoff, Professor of Aeronautical Engineering. Gas
Dynamics Laboratory, Department of Aerospace and Mechanical Sciences,
James Forrestal Campus, Princeton University, Princeton, New Jersey 08540.

Mr. Frank J. Dore, Director of Space Systems, Covvair Division, General Dy-
namics Corporation, P.O. Box 1128, San Diego, California 92112.

Mr. Steven Georgiev, Director, Space Systems Program Offices. Space Systems
Division, AVCO Corporation, Two Industrial Park, Lowell, Massachusetts
01851.

Mr. R. James Gunkel, Director, System Development and Integration. MOL
Subdivision, MLisile and Space Systems Division. Space Systems Center,
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McDounell Douglas Corporation, 5301 Bolsa Avenue, Huntington Beach, Call-
fornia 92646.

Dr. Francis S. Johnson, Director, Earth and Planetary Sciences Laboratory,
Southwest Center for Advanced Studies, P.O. Box 3036M, Dallas, Texas 75230.

Mr. Otto Klima, Jr., General Manager, Re-entry and Environmental Systems
Division, General Electric Company, 3198 Chestnut Street, Philadelphia,
Pennsylvania 19104.

Mr. Albert J. Kullas, Vice President, Planetary Systems, Martin Marietta C4)r-
,poration. Mall Number 8400, P.O. Box 179, Denver, Colorado 80201.

Mr. William E. Lamar, Deputy Director, Air Force Flight Dynamics Laboratory
(FDG), Wright-Patterson APB, Ohio 45433.

Dr. Byron P. Leonard, Vice President and General Manager, El Segundo Tech-
nical Operations, Aerospace Corporation, P.O. Box 95085, Los Angeles, Cali-
fornia 90045.

Mr. Harlowe J. Longfelder, Director of Group Planning and Operations Evalua-
tion, Aerospace Group, The Boeing Company, P. 0. Box 3707, Seattle Wash-
ington 98124.

Dr. George E. Solomon, Vice President and Director, Marketing and Requirements
Analysis, TRW Systems, One Space Park, Redondo Beach, California 90278.

Mr. Milton B. Ames, Jr., NASA Headquarters (Code RV), Washington, D.C.
20546.

Mr. Charles W. Cole, Manager, Advanced Planetary Missions Technology, Jet
Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena, California 91103.

Dr. Maxime A. Faget, NASA Manned Spacecraft Center (Code EA), Houston,
Texas 77058.

Dr. Seymour C. Himmel, NASA Lewis Research Center, Mall Stop 3-3, 21000
Brookpark Road, Cleveland, Ohio 23365.

Mr. Eugene S. Love, NASA Langley Research Center, Mail Stop 186, Langley
Station, Hampton, Virginia 23365.

Mr. Daniel G. Mazur, NASA Goddard Space Flight Center (Code 700), Greenbelt,
Maryland 20771.

Dr. William A. Mrazek, NASA Marshall Space Flight Center (Code I-DIR),
Huntsville, Alabama 35812.

Dr. Leonard Roberts, NASA Ames Research Center, OART Mission Analysis
Division, Mail Stop 202-5, Moffett Field, California 94035.

Mr. Alvin Selff, NASA Ames Research Center, Mail Stop 237-3, Moffett Field,
California 94035.

Mr. Ralph W. May, Jr., Executive Secretary, NAS-A Headquarters (Code RV-1).
Washington, D.C. 20546.

RESEARCH AND TECHNOLOGY ADVISORY COMMITTEE ON CHEMICAL ROCKET

PROPULSION, FISCAL YEAR 1970

Dr. David Altman, Chairman, Division Vice President, United Technology Center,
P.O. Box 358, Sunnyvale, California 94088.

Mr. William J. Brennan, Jr., Vice President and General Manager, Liquid Rocket
Division. Department 097, CAO1, Rocketdyne Division, North American Rock-
well Corporation. 6633 Canoga Avenue, Canoga Park, California 91304.

Dr. Richard B. Canright, Department A3-830, Missile and Space Systems Divi-
sion. Space Systems Center, Douglas Aircraft Corporation, Huntington Beach,
California 92646.

Mr. James R. Flanagan, Chief Engineer, Rockets and Propulsion Systems, Bell
Aerosystems Company, P.O. Box 1, Buffalo, New York 14240.

Dr. Nathan L. Krisberg, 5628 125th Street, SE., Bellevue, Washington 98004.
Mr. Gerald R. Makepeace, Special Assistant for Propulsion Technology, Office of

Deputy Director (R&T), ODDR&E, 3D1065, The Pentagon, Washington, D.C.
20301.

Dr. Frank Marble. Professor of Engineering, Guggenheim .Jet Propulsion Center.
California Institute of Technology, 1201 East California Boulevard, Pasadena,
California 91109.

Mr. Richard C. Mulready, Assistant Chief Engineer, Florida Research and Devel-
opment Center, Pratt and Whitney Aircraft, P.O. Box 2691, West Palm Beach,
Florida 33402.

Mr. Donald Ross, Deputy Director, Air Force Rocket Propulsion Laboratory.
AFRPL (RPGD), Edwards, California 93523.

Mr. Irving Silver, Propulsion Technology Administrator, Naval Air Systems
Command, Code AIR X30. Munitions Building, Room 3S10. Department of the
Navy, Washington, D.C. 20360.
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Dr. Martin Summerfield, Professor of Aerospace Propulsion, James Forrestal
Campus, Princeton University, Prilceton, New Jersey 08540.

Dr. Max L. Williams, Jr., Dean, College of Engineering, University of Utah,
Salt Lake City, Utah 84112.

Mr. Richard Winer, Director, Engineering & Research, Explosives & Chemical
Propulsion Division, Hercules, Incorporated, 910 Market Street, Wilmington,
Delaware 19809.

Mr. Irving A. Johnsen, NASA Lewis Research Center, Mall Stop 500-205, 21000
Brookpark Road, Cleveland, Ohio 44135.

Mr. Robert Rose, Manager, Propulsion Division, Mail Stop 125-147, Jet Propul-
sion Laboratory, 4800 Oak Grove Drive, Pasadena, California 91103.

Mr. Robert L, Swain, Head, Propulsion Branch, Mail Stop 217, Langley Research
Center. Langley Station. Hampton, Virginia 23365.

Mr. Joseph G. Thibodaux, Propulsion and Power Division (Code EP), Manned
Spacecraft Center, Houston, Texas 7705&

Mr. A. 0. Tischler, NASA Headquarters (Code RP), Washington, D.C. 20546.
Mr. Hermann K. Wiedner, Research and Development Operations (Code R-DIR),

George C. Marshall Space Flight Center, Alabama 35812.
Mr. Robert W. Ziem, Executive Secretary, NASA Headquarters (Code RPS),

Washington, D.C. 20546.

RESEARCH AND TECHNOLOGY ADVISORY COMMITTrE ON POWER AND ELECTRIC

PROPULSION

Dr. Beno Sternilcht, Chairman, Technical Director, Mechanical Technology, Inc.,
968 Albany-Shaker Road, Latham, New York 12110.

Mr. Herman M. Dieckamp, Vice President, Engineering, Atomics International,
8900 DeSota Avenue. Canoga Park, California 91304.

Dr. Robert Gordon, Manager, Mechanical Systems Operation. Electronics Divi-
sion, AeroJet-General Corporation, Azusa, California 91702.

Dr. George N. Hatsopoulos, President, Thermo Electron Corporation, 85 First
Avenue, Waltham, Massachusetts 02154.

Dr. Richard John, Director, Aerophysics Laboratory, AVCO Applied Technology
Division, 201 Lowell Street. Wilmington, Massachusetts 01887.

Dr. Joseph J. Loferski, Chairman, Department of Engineering, Brown University,
Providence, Rhode Island 02912.

Dr. William R. Mickelsen, Professor of Mechanical Engineering, Colorado State
University, Fort Collins, Colorado 80521.

Mr. William H. Podolny, Chief Engineer, Advanced Power Systems, Pratt & Whit-
ney Aircraft, Division of United Aircraft Corporation, 400 Maine Street, East
Hartford, Connecticut 06108.

Dr. Robert C. Shair, Vice President, Research and Development, Gulton Indus-
tries, 212 Durham Avenue, Metuchen, New Jersey 08M40.

Mr. George W. Sherman, Chief, Aerospace Power Division, Air Force Aero Pro-
pulsion Laboratory, Wright-Patterson AFB, Ohio 45433.

Dr. William E. Shoupp, Vice President, Research Laboratories, Research and
Development Centers, Westinghouse Electric Corporation, Beulah Road, Pitts-
burgh, Pennsylvania 15235.

Mr. William B. Taylor, Technical Director, USA Mobility Equipment Research
and Development Center, Fort Belvoir, Virginia 22000.

Professor Thomas G. Wilson, Department of Electrical Engineering, School of
Engineering, Duke University, Durham, North Carolina 27706.

Mr. Martin Wolf, Manager, Technology Development, Physical Research Group,
Astro-Electronics Division, Radio Corporation of America, P.O. Box 800,
Princeton, New Jersey 08540.

Mr. Robert M. Aden, Chief, Electrical Division, S&E-ASTR--E, Marshall Space
Flight Center, Huntoville, Alabama 35812.

Mr. Richard B. Ferguson, Deputy Chief, Propulsion and Power Division, Code
EP, Manned Spacecraft Center, Houston, Texas 77058.

Dr. Frank E. Goddard, Assistant Director for Research and Advanced Propul-
sion, Jet Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena, California
91103.

Mr. Milton Klein, Director, Space Nuclear Systems, U.S. Atomic Energy Com-
mission, Washington, D.C. 20545.

Dr. Bernard Lubarsky, Assistant Director for Power, Power Division, Lewis
Research Center, 21000 Brookpark Road, Cleveland, Ohio 44135.

Mr. Robert Mackey, Jr., Deputy Assistant Director for Technology, Goddard
Space Flight Center, Greenbelt, Maryland 20771.
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Dr. Francise C. Schwarz, Chief, Power Conditioning and Distribution Labora-
tory, Electronics Research Center, 575 Technology Square, Cambridge, Mas-
sachusetts 02139.

Mr. William II. Woodward, NASA Headquarters (Code RN), Washington, D.C.
20546.

Mr. John H. Walker, Executive Secretary, NASA Headquarters (Code RN),
Washington, D.C. 20546.

RESEARCH AND TECHNOLOGY ADVISORY COMMITTEI ON BIOTiCHNOLOGY AND
HUMAN RESEA•CH, FISCAL YEAR 1970

Dr. Loren D. Carlson, Chairman, Chief, Division of Sciences Basic to Medicine,
University of California, Davis, Davis, California 96818.

Professor Hariow W. Ades, Biophysical Research Laboratory, Department of
Electrical Engineering, University of Illinois, Urbana, Illinois 61808.Dr. Gerald M. McDonnel, Good Samaritan Hospital, Los Angeles, California
90017.

Dr. Jesse Orlansky, Assistant Director, Science and Technology Division, Insti-
tute for Defense Analyses, 400 Army-Navy Drive, Arlington, Virginia 22202.

Dr. Lawrence WV. Ross, Department of Chemical Engineering, University of
Denver, Denver, Colorado 90210.

Dr. Peter V. Siegel, Federal Air Surgeon (AM-i), Federal Aviation Administra-
tion, WVashington, D.C. 20590.

Dr. Nathan W. Snyder, Assistant to the Senior Vice President for Research and
Engineering, North American Rockwell Corporation, El Segundo, California
90245.

Professor Otto Schmitt, University of Minnesota, School of Physics, Minneapolis,
Minnesota 55455.

Professor Richard Zimmerman, Dean, General School, The Ohio State University,
Columbus, Ohio 43210.

Dr. Richard Trumbull, Research Director, Office of Naval Research, Department
of the Navy, Washington, D.C. 20360.

Dr. Charles A. Berry, Director, Medical Research Operations, NASA Manned
Spacecraft Center, Houston, Texas 77058.

Mr. Richard S. Johnston, Special Assistant to the Director, NASA Manned Space-
craft Center, Houston, Texas 77058

Dr. Walton L. Jones, NASA Headquarters (Code RB), Washington, D.C. 20546.
Dr. Harold P. Klein, Director, Life Sciences, NASA Ames Research Center, Mof-

fett Field, California 94035.
Dr. Willism Z. Leavitt, Chief, Instrumentation Lab., NASA Electronics Research

Center, Cambridge, Massachusetts 02139.
Dr. Charles E. Lewis, Chief, Biomedical Program Office, NASA Flight Research

Center, Edwards, California 93523.
Mr. Ralph W. Stone, Assistant Chief, Space Mechanics Division, NASA Langley

Research Center, Langley Station, Hampton, Virginia 233(5.
Dr. Leo Fox, Executive Secretary, NASA Headquarters (Code RB), Washing-

ton, D.C. 20546.

RESEARCH AND TECHNOLOGY ADVISORY COMMITTEE ON ELECTRONICS, FISCAL YEAR 1974)

Dr. John G. Truxal, Chairman, Vice President for Academic Affairs, Institute
Professor, Polytechnic Institute of Brooklyn, 333 Jay Street, Brooklyn, New
York 11201.

Mr. Herbert D. Benington, Acting Deputy Director (Electronics & Information
Systems) ODDR&E, 3D1082. The Pentagon, Washington, D.C. 20301.

Dr. Robert H. Cannon, Jr., Department of Aeronautics and Astronautics, Stanford
University, Stanford, California 94305.

Dr. David P. Chandler, North American Rockwell Corporation, Autonetics Divi-
sion, Department 060, 3370 Miraloma Avenue, Anaheim, California 92803.

Mr. Douglas R. Clifford, Research Director, Electrodynamics Technology. Com-
mercial Airplane Division, The Boeing Company, P.O. Box 707. Renton.
Washington 98065.

Mr. Joe D. Conerly. Code RD-2, Department of Transportation, Federal Aviation
Administration, Washington, D.C. 20590.

Dr. Robert C. Duncan, Polaroid Corporation, 565 Technology Square, Cambridge.
Massachusetts 02189.

Mr. Jack S& Kilby, Assistant Vice President. Components Group, Texas Instru-
ments Incorporated, P.O. Box 5012, Dallas, Texas 75222.
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Dr. Fred A. Lindholm, Department of Electrical Engineering, College of Engi-
neering, University of Florida, Gainesville, Florida 32601.

Professor John G. Linvill, Department Chairman, Electrical Engineering De-
partment, Stanford University, Stanford, California 94305.

Mr. George B. Litchford, President, Lltchford Systems, 32 Cherry Lawn Lane,
Northport, LI., New York 11768.

Dr. Frederick Marmo, Technical Director, GCA Technology Division, GCA
Corporation, Bedford, Massachusetts 01780.

Dr. Morris Rubinoff, The Moore School of Electrical Engineering, University of
Pennsylvania, Philadelphia, Pennsylvania 19104.

Dr. F. Dow Smith, Itek Corporation, 10 Maguire Road, Lexington, Massachusetts
02173.

Dr. Sidney Smith, U.S. Naval Research Laboratory, 4W55 Overlook Avenue, S.W.,
Washington, D.C. 20390.

Professor Walter Wrigley, Department of Aeronautics & Astronautics, School
of Engineering, Massachusetts Institute of Technology, Cambridge, Massa-
chusetts, 0213M.

Mr. H. R. Brockett, NASA Headquarters (Code TD), Washington, D.C. 20546.
Mr. James C. Elms, Director, NASA Electronics Research Center, 575 Tech-

nology Square, Cambridge, Massachusetts 02139.
Mr. Vincent L Johnson, NASA Headquarters (Code SE), Washington, D.C.

290546
Mr. Douglas RE. Lord, NASA Headquarters (Code MTD), Washington, D.C.

20546.
Mr. John T. Mengel, NASA Goddard Space Flight Center (Code 500), Greenbelt,

Maryland 20771.
Mr. Clifford H. Nelson, NASA Langley Research Center, Mail Stop 116, Langley

Station, Hampton, Virginia 23365.
Mr. Frank J. Sullivan, NASA Headquarters (Code RE), Washington, D.C.

20546.
Professor Walter Wrigley, Department of Aeronautics & Astronautics, School

of Engineering, Massachusetts Institute of Technology, Cambridge, Massachu-
setts 02139.

Mr. Charles H. Gould, Executive Secretary, NASA Headquarters (Code RES),
Washington, D.C. 20540.

RESFARCH AND TECHNOLOGY ADVISORY COMMITTEE ON BASIC RESEARCH, FISCAL YEAR
1970

Dr. Hans W. Liepmann, Chairman, Professor of Aeronautics, California Insti-
tute of Technology, Pasadena, California 91109.

Dr. Richard W. Damon, Department Head, Quantum Electronics, Sperry-Rand
Research Center, Sudbury, Massachusetts 01776.

Professor Abraham Hertzberg, Professor of Aeronautics and Astronautics, Col-
lege of Engineering, University of Washington, Seattle, Washington 98105.

Mr. Howard Siegel, Manager, Material and Process Development, Department
272, McDonnell Douglas Corporation, Lambert-St. Louis Municipal Airport,
St. Louis, Missouri 63166.

Dr. George W. Brooks, NASA Langley Research Center, Mail Stop 116, Langley
Station, Hampton, Virginia 23365.

Mr. George C. Deutsch, NASA Headquarters (Code RR-1), Washington, D.C.
20W4.

Dr. W. Crawford Dunlap, NASA Electronics Research Center, 575 Technology
Square, Cambridge, Massachusetts 02139.

Dr. John C. Ervard, NASA Lewis Research Center, 21000 Brookpark Road, Cleve-
land, Ohio 44135.

Mr. Alfred Gessow, NASA Headquarters (Code RR-2), Washington, D.C. 20546.
Dr. Hermann H. Kurzweg, NASA Headquarters (Code RR), Washington, D.C.

20546.
Mr. Clarence A. Syvertson, NASA Ames Research Center, Mail Stop 200-2, Mof-

fett Field, California 94035.
Mr. Werner C. Steinle, Executive Secretary, NASA Headquarters (Code RRT),

Washington, D.C. 20546.
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RESEARCH AND TECHNOLOGY ADVISORY 8URCOMMITTER ON MATIrIALS, FISCAL

YzEa 1970

Mr. Howard Siegel, Chairman, Manager, Materials and Process Development
Department 272, McDonnell Douglas Corporation, Lambert-St. Louts Municipal
Airport, St. Louis, Missouri 63166.

Dr. George S. Ansell, Chairman, Department of Materials Science. Rensselaer
Polytechnic Institute, Troy, New York 12181.

Mr. John C. Bowman, Director of Research, Parma Technical Center, Carbon
Products Division, Union Carbide Corporation, P.O. Box 6116. Cleveland, Ohio
44101.

Professor Herbert Corten, Department of Theoretical and Applied -Mechanics.
University at Illinois, Urbana, Illinois 60680.

Dr. Richard P. Frohmberg, Manager, Materials Research, Rocketdyne Division.
North American Rockwell Corporation, 6633 Canoga Avenue. Canoga Park,
California 91804.

Mr. David C. Goldberg, Director, Space Materials Department. Astronuclear
Laboratory, Westinghouse Electric Corporation, P.O. Box 10864. Pittsburgh.
Pennsylvania 1523&

Dr. Robert I. Jaffee, Battelle Memorial Institute, 505 King Avenue, Columbus,
Ohio 48201.

Mr. Thomas F. Kearns, Naval Air Systems Command, AIR-320A. Department
of the Navy, Washington, D.C. 20360.

Dr. Alan M. Lovelace, Director, Air Force Materials Laboratory, Wright-Pat-
terson AFB, Ohio 45433.

Dr. James I. Mueller, University of Washington, Department of Ceramic En-
gineering, Roberts Hall, Seattle, Washington 98105.

Dr. Raymond C. Sangster, Chief, Radio Standards Engineering Division, U.S.
Department of Commerce, National Bureau of Standards, Boulder, Colorado
80301.

Dr. Wolfgang H. Steurer, Chief of Engineering Materials, Convair Division,
Plant 71, General Dynamics Corporation, San Diego, California 92117.

Mr. Charles E. Cataldo, NASA Marshall Space Flight Center, Code R-P&VE-
MM, Huntsville, Alabama 35812.

Mr. George C. Deutsch, NASA Headquarters (Code RR-1), Washington, D.C.
20546.

Mr. Robert Hall, NASA Lewis Research Center, Mail Stop 105-I. 21000 Brook-
park Road, Cleveland, Ohio 44135.

Mr. Charles A. Hermach, NASA Ames Research Center, Mail Stop 240-1, Moffett
Field, California 94035.

Mr. Robert E. Johnson, NASA Manned Spacecraft Center (Code ESS), Houston,
Texas 77058.

Mr. Eldon E. Mathauser, NASA Langley Research Center, Mail Stop i18A.
Langley Station, Hampton, Virginia 23385.

Dr. Douglas Warschauer, Executive Secretary, NASA Electronics Research
Center (Code CT), 575 Technology Square, Cambridge, Massachusetts 02139.

Mr. Joseph Maltz, NASA Headquarters (Code RRM), Washington. D.C. 20546.

RESEARCH AND TECHNOLOGY ADVISORY PANEL ON AIRCRAFT ENGINE MATERIALS.
FISCAL YEAR 1970

Dr. Robert I. Jaffee, Chairman, Battelle Memorial Institute, 505 King Avenue.
Columbus, Ohio 43201.

Mr. Walter E. Binz, Jr., The Boeing Company, P.O. Box 3733, Seattle, Wash-
ington 98124.

Mr. Elihu F. Bradley, Chief, Materials Engineering, Pratt & Whitney Aircraft,
United Aircraft Corporation, 400 Main Street, East Hartford. Conne'ti-
cut 06108.

Dr. Harris M. Burte, Chief, Metals and Ceramics Division, Air Force Materials
Laboratory (MAM), Wright-Patterson AFB, Ohio 45433.

Mr. William R. Freeman, Jr., Director, Materials Laboratories, Lycoming Di-
vision, AVCO Manufacturing Company, 505 South Main Street, Stratford.
Connecticut 06497.

Mr. A. K. Forney, Aerospace Engineer, Federal Aviation Administration, De-
partment of Transportation, Washington, D.C. 20590.

Mr. Philip Goodwin, Naval Air Systems Command, AIR 5203, Room 2W98,
Navy Department, Washington, D.C. 20360.
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Profesaor Ray W. Guard, Head, Department of Metallurgical Engineering,
Michigan Technical University, Houghton, Michigan 49931.

Mr. Dean Hanink, Manager, Materials Laboratory, Allison Division, General
Motors Corporation, Tibbs Avenue, Indianapolis, Indiana 46206.

Mr. Louis P. Jahnke, Manager, Materials Development Laboratory-M12, Gen-
eral Electric Company, Cincinnati, Ohio 45213.

Mr. Harold D. Kessler, Corporate Technical Director, Reactive Metals, Inc., 100
Warren Avenue, Niles, Ohio 44446.

Mr. John V. Long, Director of Research, Solar Corporation, 2200 Pacific High-
way, San Diego, California 92112.

Mr. Ira Petker, Technical Specialist, Composite Structures Department, Aerojet
General Corporation, Azusa, California 91702.

Professor Robert A. Rapp, Ohio State University, Department of Metallurgical
Engineering, 116 West 19th Avenue, Columbus, Ohio 43210.

Mr. Hyman Rosenthal, Research Advisor, Metallurgy Research Laboratory,
Frankford Arsenal, Philadelphia, Pennsylvania 19137.

Mr. G. Mervin Ault, NASA Lewis Research Center, Mail Stop 105--1, 21000 Brook-
park Road, Cleveland, Ohio 44135.

Mr. Michael Comberiate, NASA Headquarters (Code RAP), Washington, D.C.
2054.

Mr. James J. Gangler, NASA Headquarters (Code RRM), Washington, D.C.
20546.

Mr. Richard A. Pride, NASA Langley Research Center, Mail Stop 188A, Langley
Station, Hampton, Virginia 23365.

Mr. Richard H. Raring, Executive Secretary, NASA Headquarters (Code RRM),
Washington, D.C. 20546.

RESEARCH AND TECHNOLOGY ADVISORY SUBBOMMITTEE ON FLUID MECHANICS,
FISCAL YEAR 1970

Professor Abraham Hertzberg, Chairman, Department of Aeronautics and As
tronautics, College of Engineering, University of Washington, Seattle, Wash
Ington 98105.

Dr. Robert Arnoldi, Pratt & Whitney Aircraft, East Hartford, Connecticut 0W027
Dr. Coleman duPont Donaldson, President, Aeronautical Research Associates ol

Princeton, Inc., 50 Washington Road, Princeton, New Jersey 08540.
Dr. Arnold Goldburg, Flight Sciences Lab., Boeing Corporation, Seattle Wash.

ington 96124.
Dr. Wallace D. Hayes, Princeton University, Department of Aerospace and Me-

chanical Science, The James Forrestal Research Center, Princeton, New Jersey
08540.

Dr. Krishnamurty Karamcheti, Department of Aeronautics and Astronauti.s,
Stanford University, Stanford, California 94305.

Dr. Robert Korkegi, ARL (ARR) Building 450, Wright-Patterson APB, Ohio
45433.

Dr. Paul Libby, Professor of Aerospace and Mechanical Engineering Sciences,
University of California, P.O. Box 109, La Jolla, California 92038.

Dr. Frank Marble, Department of Aerospace Engineering, California Institute
of Technology, Pasadena, California 91109.

Dr. James Melcher, Professor, Electrical Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139.

Dr. Harold Mirels, Aerospace Corporation, P.O. Box 95085, El Segundo, Cali-
fornia 90245.

Dr. Mark Morkovin, Department of Mechanical and Aerospace Engineering, I lli-
nots Institute of Technology, Chicago, Illinois 60616.

Dr. Henry Nagamatsu, General Electric Company, Schenectady, New York
12301.

Dr. Sinclaire M. Scala, General Electric Company, P.O. Box 8555. Philadelphia.
Pennsylvania 19101.

Dr. Simon Slutsky, Professor, Aeronautics and Astronautics, New York Uni-
versity, University Heights, New York, New York 10453.

Mr. John Becker, Aero-Physics Division, Langley Research Center (Code 1S0).
Langley Station, Hampton, Virginia 2336M.

Dr. Dean Chapman, Chief of Thermo-Gas Dynamics Division, Ames Research
Center, Moffett Field. California 9M465.

Mr. Alfred Gessow, NASA Headquarters (Code RR-2), Washington, D.C.
20546.
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Dr. Robert W. Graham, Chemical Lab., Lewis Research Center, 21000 Brookpark
Road, Cleveland, Ohio 44135.

Mr. Ira R. Schwartz, Executive Secretary, NASA Headquarters (Code RRF),
Washington, D.C. 2064&.

RESEARCH AND TECHNOLOOY ADVISORY SUBCOMMITTEE ON ELECTROPHYSICS, FISCAL
YEAR 19T0

Dr. Richard W. Damon, Chairman. Department Head, Quantum Electronics,
Sperry-Rand Research Center, Sudbury, Massachusetts 01776.

Dr. Earl Callen, Department of Physics, American University, Washington, D.C.
20016.

Dr. K. M. Crowe, Professor of Physics, University of California, Berkeley, Cali-
fornia 94720.

Dr. J. E. Drummond, Head, Plasma Physics Laboratory, The Boeing Company,
Seattle, Washington 98128.

Dr. Wade L. Fite, Professor of Physics, University of Pittsburgh, 4200 Fifth
Avenue, Pittsburg.ýt, Pennsylvania 15213.

Dr. Robert G. Jahn, Professor of Aerospace Sciences, Princeton University, Gug-
genheim Laboratories, James * orrestal Campus, Princeton. New Jersey 08540.

Dr. Karl C. Kessler, Head, Atomics Physics Division, 164-2001 A & M Physics
Division, Room B 164, Physics Bldg -221, National Bureau of Standards, Wash-
ington. D.C. 20234.

Dr. Alexander Lempicki. Head, Quantum Physics Group. General Telephone/Elec-
tronics Laboratory, 208-20 Willets Point Boulevard, Bayside, New York 11360.

Dr. James E. Mercereau, California Institute of Technology, Sloan Laboratory
of Mathematics and Physics, Room 61. Pasadena, California 91109.

Dr. Norman Rostoker, Chairman, Department of Applied Physics, Clark Hall,
Cornell University, Ithaca, New York 14850.
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.%r. FIrLTON. That is all, .%Ir. Chairman. Thank you.
Mr. HECLELM M~r. Lukens.
Mr. L•HENs. Thank you. Mr. Chairman.
Mr. Lundin, I would like to ask two quick questions. No. 1, of the

5,000 employees you referred to, how many of those are actually en-
gaged in laboratory work?

Mr. LtT--Ni.-. I will give you two sets of numbers. If that doesn't
answer your question, I will try again.

Of the 5,000, about 3,500, roughly, are what we call direct people.
The other 1,500 are generally clasified as indirect people, whose work
is, say, in procurement offices, administrative and management, plant
operations, who are not directly charged to an aeronautical program.

The ratio of, say, professional to technician or support generally
runs--well, at the Lewis Research Center, of 4,200 total staff, about
1,700 are research professionals. It is about a 1-to-2 ratio.

Mr. LuxiNs. Thank you.
And one last question which I wanted to ask. It will probably be a

quick question, but not such a quick answer.
Since there is such a great need for close coordination with what

you do, how we are trying now to devise total systems to replace other
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systemis, rather than just an engine component or air frame compo-

nent' How does your Lewis Research Center coordinate the overall
planning of this with other developments in the industry at various
other areas.? Through what boards? What agencies? How closely can
we really coordinate all this going on at one time in America?

We are. talking now about technology utilization. How closely can
we coordinate development of new plants and new items?

Mr. Lu.NDIN. There are two levels or areas of coordination. One is
coordination which occurs at fairly high levels here in Washington,
such as the AACB, or our advisory committee system, which includes
other agencies, industry, universities, and so forth. And that, I don't
think, is too difficult a matter.

And then you will also find a very high degree of coordination of
work of one group with another, in an area such as materials or elec-
tronics, at the working level, where there is essentially a fraternity of
people who are exchanging their points of view and their ideas and
concepts at meetings, in correspondence and in visits, almost con-
tinuously.

Mr. LUKENS. Pardon me, sir.
Mr. LuNDI.- Yes.
Mr. LuKENs. May I interrupt you?
Mr. Lr-.NDI.N. Yes, sir.
Mr. LuKEXS. Is that an informal structure, then?. The so-called

fraternity?
Mr. Lrux xDinN. Yes.
Mr. LUKENS. Just so closely knit by mutual interests
Mr. LuNDIN. Yes; mutual interests.
Mr. LuKENS. That it occurs by nature.
Mr. Lr--DiN. Material speciahsts, say, have their counterparts on

a friendly personal basis at other locations, and they keep amazingly
good track of what the other fellow is doing.

Mr. LrKENs. Are there any areas of research you found had been
overlooked in the past that are ncow drawn into this commonality of
interest, in this fraternity ? I mean, has there been any work done
anywhere at any level, in any area of American technical society, that
now we have discovered can be drawn in further, such as independent
work on the campus that was not known before?

What assurance do we have that we are not overlooking or over-
lapping somewhere in the field of research? This is what I am really
getting at. We have no virtual assurance of that.

Mr. LU.DiN. No: we do not. We are looking all the time. I cannot
promise you that I am not overlooking something

Mr. LuKENs. Thank you.
Thank you, Mr. Chairman.
Mr. HtcmILaR. Thank you, Mr. Lukens.
Mr. Goldwater.
Mr. GOLDWATER. Thank you, Mr. Chairman.
Mr. Lundin, in the testimony that we hear, there always seems to be

a tremendous emphasis on commercial aviation. I am just wondering
whether you feel that the research done on commercial aviation, even
on space, is benefiting in general aviation the airplanes w" Xh are in
the majority in this country?
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If so, how is this information or research being disseminated do. n
to the general aviation people, so that they understand it. not being
as technical or as knowledgeable in the technical field?

Mr. LuNDIN. Yes. I think your observation is valid, Mr. Goldwater.
that most of NASA research is devoted to problems of military and
civil aviation, such as noise, safety, and economy, and that the teche
nical problems of general aviation, the small private owners,. or the
small airline probably are deserving of increased attention.

That it has not received a major focus in our research programs
that the other areas have is perhaps because it lacks a unified in-
dustry, an agency. of the Government or that sort of focus.

Their problems in the past have not been highly technical, either.
They have been more oriented toward costs and'econmyn of oper-
ation. But it is a field that I think should be deserving of increased
attention, particularly as these smaller airplanes enter more and
more the crowded traffic patterns, and fly at higher speeds.

Mr. GOLDWATER. Especially in the area of safety.
Mr. LUNDIN. Yes. We are, as you lk.now, doing some work in con-

nection with safety, including ilvestigating spin characteristics of
light aircraft and the application of yaw dampers to control dutch
roll characteristics. You mentioned th.e proximity warning devicee.
So where we can find something that will contribute to the safety of
such aircraft, and we have the capability to work on it, we think that
is a useful thing to do.

Mr. GOLDWATER. How close are you to developing the proximity
locater?

Mr. LuNDIN. I will have to provide that for the record. We are
planning flight tests, but I cannot give you a date on when they are
planned.

Mr. GOLDWATER. I would be interested in seeing that.
Mr. LuNDIX. Yes.
Mr. GOLDWATER. There was so much talk about it, but no one seems

to come up with any concrete answers.
Mr. LuNDiN. There is a date planned for when it wili be flight

tested, but I am not-
Mr. FI-CHLER. Electronics Research Development, isn't it?
Mr. LuNxDi-. Yes.
Mr. HECHLER. And we are having the head of Electronics Researlh

Center down to testify.
Mr. GOLDWATER. Yes.
Mr. LUNDIN. He will surely know.
Mr. GOLDWATER. Thank you very much.
Mr. HECHLER. Well, this line of questioning that Mr. Goldwater

pursued on the need for additional research in general aviation, I
think, underlines what I was driving at, of the need for an overall
top level policy that can fill these gaps.

But it is something, I think, that can and certainly needs to 1w)
done. I noticed several comments here that I would like to get clari-
fied in your statement. Page 13, at the bottom of the paragraph at
the top of the page, you say, "We will be paced here for some time
to come by the capabilities of our experimental facilities."

Then a sentence on page 14, in the middle, you say, "Just what these
future research facilities should be is, for the most part, for others to
determine."
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Finally, at the bottom of page 14, and at the top of page 15, "We
should, I believe, concentrate a little more on doing and a little less
on studies."

Naturally, we in Congress are interested in action as well as studies,
but we feel the absence of serious planning for future requirements
that is going on in NASA, and we would not want, by the emphasis on
action, for you to downgrade the amount of planning for future re-
quirements that we think is absolutely necessary if we are going to
go in the right direction.

Now, all these things, of course, tie in with what I was saying before,
about the. necessity for some type of leadership statement that can
enunciate national goals and priorities, and help tie all this together,
plus the need for the planning for future requirements which must
be done inside of an organization like NASA, if we are going to go in
the right direction.

We can't let this entirelv be dictated by what somebody says on the
outside, or who screams the loudest at a particular time. Would you
care to comment on any of this?

Mr. Lu.NDIN. Yes, sir. I'm sorry that my words may have carried
the implication that I think we should do less planning. Perhaps I
should have, said we should concentrate more on doing, putting em-
phasis on experimental hardware from which to learn solid technical
things, and less on design or systems studies.

I think we need to give more attention to planning and to experi-
mental hardware, and it was a matter of emphasis. Doing paper de-
sign a system studies is no substitute for learning by running experi-
mental hardware, is the point I wished to make.

Mr. HECHLER. This committee, as you know, has been very generous
in the field of aeronautics, and in support of aeronautics. In fact, we
have pushed a lot harder than NASA and the Bureau of the Budget
have in terms of authorizing funds.

You mentioned the need for facilities. I find it difficult to figure out
just what. this committee has failed to do in terms of support of fa-
cilities, or what really needs to be done. What specific facilities are
you referring to now that we ought to be supporting ?

Mr. Lu-NDI.,. I appreciate and applaud the support and understand-
ing of this committee for all of our P. ronautical activities. I have no
specific facilities in mind at this time. I was taking a longer range view,
and calling attention to the fact that it is my feeling that we need to
do more aeronautical research facility building in this country in the
decade ahead than we have done in the past decade.

I then wished to identify for the committee what I think some of
the characteristics or the arkas of future need that these facilities should
be directed at, such as avionics, total systems work, transonic speed
problems, and man-machine relationships. It is not possible for me at
this time to propose specific facilities.

Mr. HIECnLER. I recall at some point in your prepared statement
you discussed the transferability of space technology to aeronautics.
Where waQ that ?

Mr. TU•NDIV. In my testimony ?
Mr. H7CUILEJ.. Yes. You made some mention of the applicability of

what we had accomplished and learned in space to the development of
aeronautics. I am unable to put my finger on it immediately, but I
seem to recall that. Oh, yes, here it is.
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Mr. LrNmIN. Page 13.
Mr. HrCYLF R. Page 13, yes.
Mr. LuNDIN. Benefits from the space program, yes.
Mr. HwHLE•t. Are there any other ways in which we could utilize

the tremendous progress that we have maide in space to further aero-
nautical research? Are there any blocks to the application of these
things? Is there any other means that we can employ to derive the
greatest benefits that we have achieved in space, and apply them to our
aeronautical research advances?

Mr. LuNmnx. I have asked myself that question a number of times,
and I have really no improvements to suggest, Mr. Hechler. We are
presently organized within OART along discipline lines such that the
same groups and almost the same people are doing space technology
as are doing aeronautical technology, and our centers tend to be orga-
nized along such discipline lines as electronics or propulsion or struc-
tures materials.

There is no sharp division at the technical working level between
space and aeronautical technology, so I can hardly find any barriers
here that need to be tended to. Transference is best achieved at the
working level and these discipline groups are well integrated.

Mr. Hr•cmimr. Administratively, then, you think the arrangement is
satisfactory?

Mr. LTWTNm. Administratively and organizationally. I cannot think
of any way to further strengthen it.

Mr. Ht•cnHLm. One final question. Technically, is there any way in
which any of the advances that we have made in space could be
utilized in a more advantageous way to the advancement of aero-
nautical progress?

Mr. Ltm.IN. They are being made. As has been mentioned on pre-
vious occasions, when we had Gemini anidance eowipment in a heli-
conter to study automatic landing of VTOL aircraft, as one example.

I have no ready suggestions for increasing this flow of space tech-
noloov to aeronautical technology.

Mr. IHwcmvrt. Are there any other questions by members of the com-
mittee? If not, we want to thank you for apy)earing before the com-
mittee. It has been extremely helpful. Mr. Lundin.

Mr. Lu•iunm. Thank you.
Mr. flvcm, v. We will next hear from Dr. Raymond L. Bispling-

hoff and Dr. IT. Guvford Stever.
Good Morning, Dr. Bisplinghoff. Do you want to go first?
Dr. BTPLIGirorr. Thank you.
Mr. ITHcmWim. Welcome back to the committee.
Dr. BISPLINOHOFF. Thank you very much.
Mr. MlcHHLER. We are very pleased that you and Dr. Stever could

be with us this morning.
Dr. BIF3PMN(GOFF. Well, we are honored to be asked.
Mr. HExCLEit. You may proceed.

STATEMENT OF DR. RAYMOND L. BISPLINGHOFF, CHAIRMAN,
AERONAUTICAL AND SPACE ENGINEERING BOARD NATIONAL
ACADEMY OF ENGINEERING

Dr. BISLINOH-OFF. We sincerely appreciate this opportunity to come
here today, both Dr. Stever and myself, to express our views on iero-
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nautical research and development. And I am particularly happy to
be here today, because I was unable to accept your previous invitation
to appear when hearings were held on this same subject a little over
a year ago.

However, at that session you will recall that Dr. Stever did appear
and discussed with vou the civil aviation report of the Aeronautics
and Space Engineering Board which had just been completed at that
time.

Today we thought it might be useful to take a brief look at what has
been accomplished in the year that has passed since our report was
published, and highlight the issues that, in our opinion, are still in
need of attention.

To set the stage for our assessment, I would first like to sumnmarize
and discuss some of the major conclusions and recommendations of
the Aeronautics and Space Engineering Board report. Dr. Stever
will follow with a review of some of the actions taken during the
past year, and comment on the progress , or lack of it, in solving some
of the critical problems facing civil aviation.

In addition, each of us wilt comment briefly on the problems and
progress in the training of younger people, including engineers, for
their entry into the aviation field.

To begin with, then, I would like to go back to a time about two
and a half years ago, when Dr. Stever and I began thinking seriously
about how to strengthen the Nation's aeronautical research and de-
velopment capability and how to apply that capability more effectively
to the problems of civil aviation. We talked about this problem with
officials of the NASA, Department of Transportation, Federal Avia-
tion Administration, the President's Science Adviser, some Members
of Congress, and the National Aeronautics and Space Council.

These discussions confirmed our belief that a study of the Govern-
ment's role in aeronautical research and development for civil aviation
would be a worthwhile undertaking for the Aeronautics and Space
Engineering Board.

I won't go into the details of how we conducted the study, since
that was described and recorded in the subcommittee report of the
1968 hearings on aeronautical research and development. I will simply
mention that we organized our study effort in six areas-flight vehicles
and propulsion, aircraft operations, air traffic control, airport and
support facilities, and aircraft noise.

We invited several engineering societies to assist in the study and
received valuable assistance fronm the American Institute of Aero-
nautics and Astronautics, the American Society of Civil Engineers.,
the American Society of Mechanical Engineers and the Society of
Automotive Engineers.

I might mention, Mr. Chairmi n, that this is the first time that one
of the academies have used the professional societies in such a complete
way.

The study took about a year, and was concluded with publication of
a summary report in August 1968. This study and its follow-on activi-
ties form the basis for many of the remarks which will be made today
by both Dr. Stever and myself.

Not much more than a quarter of a century ago, civil air transpor-
tation was the domain of the enthusiast. Air transportation depended
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at. first upon the enthusiasm and devotion of its followers. It was
watched at the same time with indifference by the nonair traveler.
If the birth of air transportation had depended upon cost effectiveness,
or even elementary economics, I think I am safe in saying that it
would have taken much longer to develop, if indeed it would have
started at all.

There was a similar early pattern in the early development of flight
vehicles. They were developed at first almost enftirely by ad hoc experi-
mentation. There was a certain disdain on the part of the recognized
scientist toward early practical aviation, not unlike that found a few
years ago at the beginning of the space program.

Yet, enthusiasts alone could not have brought the airplane along
so fast and so far. The crucial factor was the stimulus provided by
warfare. Commercial air transport technology was fanned into bright-
ness by the wins of combat military aircraft: This was once a blessing.
but now it produces a problem because the gap between military and
civil aviation is growing. The military is relying more and more on
missiles and highly specialized flight "vehicles.

At the same time, the peculiar conditions under which civil aviation
now operates have created air vehicles which are economic only under
these special conditions. In fact, the technologies required to achieve
economies in commercial flight vehicles will increasingly exceed in
sophistication those needed by the military. The kinds of technologies,
for example, that are required to make the supersonic transport eco-
nomically attractive are in many ways more difficult to achieve than
the principal technological goa'l required by the military; namely,
performance.

It is becoming increasingly clear to me that future flight vehicles
for civil air transportation wNill be influenced less and less by develop-
ments in military aeronautical technology, and more and more by
the total air transportation system in which they will operate.

In the past, most of our aeronautical research and development
organizations have been concerned primarily with improving the
flight vehicle. But the flight vehicle is only one segment of the total
air transportation system, and these kinds of research and develop-
ment organizations must now seek goals that improve productivity
of the total system, not only the flight vehicle part of that system.

This says that civil aviation research and development should be
directed toward the most critical problems of the total system, and
these problems may not necessarily be those of improving the lift to
drag ratio of air foils, the strength to weight ratio of materials, and
the thrust to weight ratio of engines.

The growth rate of civil aviation is going to be the result of a
balance between those forces that tend to drive it to high levels--
such as increasing public demand for transportation. and a favorable
economic climate-and those forces which will tend to impede its
growth.

A question frequently asked is whether the historic upward trend
in the growth of civil 'aviation can be expected to continue through
another decade or, indeed, through another half decade in the face
of the various restrictions which we see coming into play.

I personally believe that in a favorable climate, this u'pward trend
can be maintained and even accelerated if a program of planning and
research and development aimed specifically at the civil air trans-
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portation system is followed. This cannot be simply fallout from
the research and development program of the military, but a program
which is aimed specifically at the civil air transportation system itself.

The pressures that are tendin to increase the growth of civil avia-
tion are real and will continue. think the most important thing that
faces us now is to identify and solve the problems which might other-
wise limit its potential.The three most pressing problems today are
airport facilities, noise, and air traffic control. You may recall that
these are the same as those highlighted in our Board report and dis-
cussed by Dr. Stever before the committee last year.

Any of these can exert strong inhibiting influences on the growth of
air transportation unless satisfactory solutions can be founid. These
three areas, as you recognize, are closely coupled in that they all relate
to the ability of our air transportation system to accept an~d dispatch
aircraft at ]key terminal points with safety and efficiency, as well as
with acceptance by the surrounding community.

There are at least two major obstacles to development of an adequate
national airport system-financino and planning. Before one can do
anything about this matter, it is essential to have plans at both the
national and regional levels that will assess capabilities, estimate the
demands, and identify steps necessary to meet requirements.

Although very little has been spent in the past on research and
development directed toward airports-in comparison to the research
and development funds invested in flight vehicles-I believe that sub-
stantial returns can accrue from funds spent in this area.

I know there has been increasing interest in airport planning bothwithin the Government and in nongollefnmnt organizations, and Dr.
Stever will touch on some of these activities in his statement.

However, I am convinced that much more needs to be done in long-
range airport planning and development at both the national and local
levels, if we are to have the airport facilities required for the ad-
vanced commercial transports that will be flying in the future.

The growth of civil aviation has brought a world-wide concern for
the noise produced by large aircraft. If one goes back and looks at the
record, one sees an increasing noise level with the successive introduc-
tion of advanced aircraft. And it is very likely that the introduction
of the new generations of transport aircraft will produce even higher
noise levels in neighborhoods under flight paths or to the sides of
runways. The very large engines, for example, in the SST will pro-
duce sideline noise levels much higher than any existing engines or
aircraft.

It is clear that the aircraft noise solution must include the develop-
ment of quieter aircraft. This will not be easy, because we are up
against the laws of physics which tell us that as we increase the power
o. engines and the velocity of the jet efflux from the back of the en-
gines, we are naturally going to generatee. more noise.

In addition to noise redu'ction at the source, we are going to have
to apply Federal noise criteria and noise standards for aircraft, de-
velop consistent land use practices in areas surrounding airports, and
develop low- and modern '-cost building, air conditioning, and sound-
proofing techniques to reduce noise inside houses already in such areas.

Although substantial empirical knowledge and some scientific the-
ories exist concerning the sources of aircraft noise and the technology
for its partial control, I am sorry to say that the scientific basis for
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understanding the primary noise generating mechanism is inadequate.
Research in this country generally has not been aimed at the funda-

mental physical problems o jet noise generation and propagation, but
instead has been conducted primarily at the engineering level, and
consists largely of ad hoc attempts to reduce noise.

There is almost a total absence of basic research in physical acoustics
that would further our understanding of jet noise. Current research
on human reaction to aircraft noise should also be continued and
extended.

With increased air traffic and introduction of new kinds of aircraft
noise, it is of the greatest importance to have more accurate informa-
tion about human response to different characteristics of noise and
to a total envirounent in which noise may be an important element.
And there is a shortage of qualified research scientists to undertake
such research programs.

Of course, right now, the several arms of our Federal Government
are becoming very much interested in investing money in research and
development on jet noise abatement and the propagation of jet noise
through the atmosphere. But, if we follow customs of the past, as
soon as the immediate crisis is over the money will be withdrawn and
no serious long-term program will exist.

I hope that we will not follow the past, because noise is becoming
increasingly important in all walks of life, and we should understand
as thoroughly as we can the basic mechanisms for its generation and
propagation.

You may think it strange that I mention air traffic control after
noise and airports, in view of the recent difficulties we have had. I do
think, however, that in terms of long-term complexities of the problem,
the other two problems are more difficult to solve.

The noise problem, for example, involves bucking laws of physics
which are going to yield very slowly and at great cost. The airport
problem, of course, involves more than technical matters; it involves
social and economic and metropolitan and national planning prob-
lems which I believe are extremely difficult, perhaps the most difficult
of all.

As far as air traffic control is concerned. I think many of us can see
long-term technical solutions providing we get to work on the problem.
Of course, the air traffic growth recorded in ,the past 4 years, coupled
with the forecast for future growth. indicates that air* traffic will be
increasing at. a greater rate than the present or programed air
traffic control system can handle.

All of this is clearly going to require new approaches to air traffic
control in the future. The forecast indicates that deficiencies now
evident in the Nation's air traffic control system will become pro-

ressively worse unless strong measures are taken to correct an im-
balance in volume of traffic and capability.

I bel*eve there are areas where more vigorous effort to apply exist-
ing technologies can pay large dividends in evolving an adequate air
traffic control system. At the same time. there are areas where renewed
emphasis on research and development is clearly needed.

In discussing each of the three major problems of civil sviation. I
touched on some general areas in which more research and develop-
ment are needed to improve the situation. The Aeronautics and
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Space Engineering Board also made other recommendations concern-
ing governmental responsibilities in civil aviation researcrl and devel-
opment. The first has to do with the organization of a Federal
Government insofar as civil aviation research and development is
concerned.

The Board believes that strong Government participation and
leadership will be required if civil aviation is to continue to grow as
it has in the past. This participation and leadership must come from
both the legislative and executive branches of the Government,
through wise policies and their effective implementation.

I would say that aeronautical research and development now in
the United States is analogous to a university fielding a group of in-
tramural teams, instead of a varsity team. The reason for this is the
lack of both effective leadership in the Federal Government and
resources.

And let us say, akin to the leadership we found in the case of the
space program.

There are vast R. & D. resources in the universities and in industry
in the United States not now employed, and only the Federal Gov-
ernment can act as coach of this team and mold it into a varsity
team.

I think if it is Government policy, that this be done; in my opinion,
it is not now being done. If it is not Government policy to do this,
then we are doing pretty well.

I would remind you again that flight vehicle development in this
country has been based almost entirely on military technology. For
ex. mple, the technology that is used in our air traffic control system
today has been derive almost entirely from military developments
during and just after World War II.

The military developments and interests are diverging from the
interests and desires of the civil air transportation system. Therefore,
new technologies and new developments are going to have to come in-
creasingly from independent action directed toward the civil air
transportation system itself.

With the creation of the Department of Transportation, the Fed-
eral agencies and their charters are now structured such that the
Government should be able to exert its proper leadership role in civil
aviation research and development.

The Board believes that leadership should be provided by the De-
partment of Transportation in carrying out systems studies to identify,
analyze, and rank goals for our civil aviation system. And these goals
should be formulated with reference to the Nation's total transporta-
tion system, taking account of the increasing public demand for air
transportation, as well as the various economic factors.

Although inhouse Government capabilities should be developed and
maintained by DOT for this purpose, it is believed that industry and
other private institutions could participate in carrying them out.

But then there remains the problem of research and development
itself. And the long record of outstanding performance by NASA and
its predecescor, NACA, in research and development clearly suggests
that this Agency should play even a greater role in aviation i-n the
future.

NASA's role should be expanded to involve not only flight vehicle;
anl their propulsion systems which have traditionally occupied NACA
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and NASA in the past, but all aspects of research and developinent of
importance to civil aeronautics.

It is going to be important for NASA to adopt a policy of directing
its attention to those research and development goals 'ncluding the
development of carefully selected experiniental hardware that opti-
mize the productivity of the total civil air transportation system.

Such expanded activities, for example, could involve the develop-
ment of new technologies relating to air traffic control, as well as to
airports and support facilities. With regard to air traffic control. this
does not imply that the responsibilities and authorities of the DOT
anud FAA should be diminished.

NASA's background in vehicle technology, together with a growing
capability in the field of avionics, enables it to assess important trade-
offs that must be made between onboard and external avionics systems,
and to play an important supporting role for the FAA and DOT. Also.
recent developments in space technology, including the use of satellites
for communications and navigation, offer very important new oppor-
tunities for improving air navigation.

I would like to comment briefly on the important question of proof
of concept as a Federal Government responsibility in the field of avia-
tion. The Board defined proof of concept as a phase in development in
which experimental hardware is constructed and tested to explore and
demonstrate the feasibility of a new concept.

It is clear that this has been and will continue to be an important
and necessary step in the development of new concepts suggested by
successful research. It can be an equally important step in defining
areas requiring further research.

It is our view that if NASA is to conduct "proof-of-concept" pro-
grams in areas of new technology, it should do so only when the
potential capability of a. new development is apparent but (a) not
economically attractive to the private sector; (b) the cost of the
"proof-of-concept" is beyond the means of private capital: (e) several
related ideas competing for Government support can only be evaluated
obiectively by test.

Proof-of-concept programs could serve to reestablish vital coopera-
tive relationships between NASA and the Armed Forces, other Gov-
ernment agencies such as DOT and FAA, and, in some cases, private
industry. This, of course, is useful, but is not by itself sufficient reason
for the existence of such programs.

Proof-of-concept is an expensive step in the R. & D. cycle and, as
such, should be considered only for developments of significant im-
portance to the Government or local communities. Proof-of-concept
must be conducted carefully, and the necessity of its insertion into
the R. & D. cycle must be based on solid technical judgment.

Such programs must represent sufficient advancement in technology
to uncover other areas of needed research, but it must not be so revolu-
tionary that proof, or lack of it, cannot be achieved within reasonable
time and cost.

Finally, "proof-of-concept" must not be used to develop prototypes
of potential production vehicles or systems for which there is no
agreed-upon requirement. The Board believes that with the~e qualifi-
cations, NASA should be encouraged and supported in the conduct
of proof-of-concept programs.
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Although continued research and development on the technologies
of tile air vehicle are absolutely necessary, I have placed such work,
insofar as it relates to the growth of the total air transportation sys-
tem, behind airports, noise, and air traffic control.

The air vehicle, of course, is just one element in the total transpor-
tation system. It has, so far, received the lion's share of attention, and
it continues to outstrip the rest of the system in performance. What
does the future air vehicle technology picture look like?

Projected improvements in subsonic conventional takeoff and land-
ing vehicles appear more than adequate to meet the challenge of rapid
increases in air travel over the next two decades. But the potential
economic advantages of these design improvements will surely be lost
if air vehicle technology does no more than compensate for the lag in
operating and supporting environments.

In the next decade, medium- and long-haul subsonic aircraft will
undergo great improvements in the area of avionics, including guid-
ance. Refinements in propulsion, structures, and aerodynamics will
be continually introduced in subsonic aircraft.

Particularly, however, in avionics do I see considerable improve-
ments. Avionics, until now principally exploited in military aircraft, is
just begiiming to make a corresponding impact in conmnercial aircraft.

Extensive application of this can be foreseen in navigation, auto-
mated check out, airborne computation, instrumentation, aircraft
control and communications. Better integration with the ATC en-
vironment should allow more operations in bad weather and greater
safety in a much more crowded airspace.

The growth of conventional takeoff and landing subsonic aircraft
in passenger and cargo capacity will continue. There is no funda-
mental technological reason whatsoever why takeoff gross weights
cannot approach a million and a half pounds.

Today's subsonic conventional takeoff and landing jet transports
are the result of a natural selection that has standardized the most
desirable features--the swept-back wing, and the mounting of engine
pods on the swept-back wing-and has set a pattern which has been
followed with great success.

But such a growth process has not yet occurred for V/STOL air-
craft. There are a multitude of designs, each of which has received
only a small amount of technical concentration. This makes it difficult
to pinpoint trends for these aircraft as sharply as can be done for con-
ventional takeoff and landing subsonic aircraft.

In my view, short takeoff and landing technologies are sufficiently
well in hand to permit us to do a great deal more than we have already
done. We can build STOL aircraft with satisfactory cruise perform-
ance which can operate on auxiliary strips out of the normal jet pat-
tern. I foresee extensive application of STOL technology in the next
few years.

VTOL technology, however, is another matter. Aside from the heli-
copter and a variety of experimental applications, there is little to go
on. Helicopter economics are not attractive and, for fundamental rea-
sons, are unlikely to improve. In the VTOL area, studies are required
to narrow down the numerous vehicle concepts to the most promising,
so that they can be given the benefit of focused development.

Demonstration projects should be conducted and designed to obtain
reliable economic and operational data required by investors, manu-
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facturers and operators, before this type of aircraft is committed to a
full scale short-haul system.

Looking at long-range transportation beyond conventional takeoff
and landing subsonic aircraft, a few words ought to be said about
supersonic and hypersonic flight. The distances between the major
world cities are of such magnitude that speeds well into the supersonic
and hypersonic range can offer attractive advantages to travelers.

If one takes account of traveltime to and from airports, with sub-
sonic jet transport,, the total trip time is about a working day when
distances exceed 3,000 nautical miles. When the first generation SST
comes into being, a journey of 3,000 nautical miles will require about a
half working day.

And if we accept a half working day as a desirable trip time. a
hypersonic transport can provide transportation over many thousands
of miles without increasing travel time. A sizable step beyond the
supersonic transport would be the capability to transport passengers
hypersonically over perhaps 6.000 nautical miles, or from San Fran-
cisco to Tokyo, cruising at mach numbers 5 to 6.

The next stride might be 10.000 nautical miles, joining San Fran-
cisco to Melbourne, or New York to Cape Town, at mach numbers
10 to 12.

Mr. {ECHLER. You will be in orbit pretty soon.
Dr. B1SPLIOGHOFF. All of this is not idle imagination. When the

aeronautical engineer looks at. the Breguet range equation. he finds
that by cruising at these high mach numbers, using hydrogen fuel
at altitudes of 120,000 to 150,000 feet, one can achieve flight efficiencies
greater than any we have ever achieved.

Although it imny be the turn of the century or later before such air-
craft are finally developed, I have no doubt that they will be. UTnfortu-
nately, hypersonic vehicle technology is receiving almost no research
and development attention at the present time.

I would like to close this statement with a few brief remarks on the
problems and progress in the training of younger people. including
enqineers, for their entry into the aviation field.

It is my observation that there has been a decline over the past decade
in younger people entering the profession of aeronautical engineering.
There are several reasons for this decline. Perhaps the principal reason
has been the attraction and opportunities of space research and develop-
ment for these young engineers who graduate from Departments of
Aerospace Engineering in our universities.

The rapidly expanding activities of the military missile programs
and the civilian space program absorbed many young people who
might otherwise have practiced aeronautical engineeringr. Another
reason is the unavailability to universities of research and development
funds for atmospheric flight vehicles.

It is now a fact of life that most graduate students of seience and
engineering are supported by research grants and contructs obtained
from the Federal Government. The subject matter of their graduate
research is often dictated bv the moneys made available by Federal
funding agencies.

Thus, the graduate research interests of the Nations science and
engineering tudents are to a considerable extent governed by pro-
grammatic and budgetary decisions made in Washington. These deci-
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sions, which have made relatively little money available for research
and development on atmospheric flight vehicles, have been reverberat-
ing through the educational world for a decade.

A third reason for reduced interest on the part of young engineers
and scientists in atmospheric flight, in my view, is tlhe steady d -. line
in the number of new aircraft types, including prototypes, developed
in the United States.

Prototype construction and experimental hardware developed and
constructed to explore and demonstrate the feasibility of new aeronau-
tical concepts are essential elements of our program for a variety of
reasons if we wish to maintain aviation leadership throughout the
world.

All of this adds up to an increasing average age of engineers engaged
in the research, development, and engineering of atmospheric flight
vehicles. The higher-tha'n-average age of that component of the NASA
staff engaged in aeronautical research and development is illustrative
of this point. This trend will not, in my opinion, be altered signifi-
cantly unless changes can be brought about in the three areas just
mentioned.

Thank you very much.
Mr. I-ECLER. This is an outstanding statement, Dr. Bisplinghoff,

and it shows great depth and perception, drawn not only from your
practical experience, but it shows, I think, a measured objectivity which
we appreciate.

If it is agreeable to other members of the committee. I think it
would be better to defer questions on your statement till after we
hear from Dr. Stever.

We welcome you back again to the conunittee, Dr. Stever.
Dr. STEaVE. Thank you.
Mr. HIECHLER. We welcome you as a distinguished member of the

Panel on Science and Technology, as the distinguished president of
the Carnegie-Mellon University,,and the Chairman of the Aeronautics
and Space Engineering Board at the time the report was prepared.

I understand you have been demoted on the Board to a mere mem-
ber, is that right?

Dr. STEWR. That's right; yes, sir, Chairman Hechler. Yes, I have
been demoted, but this was by a long-term agreement with a very
good friend, that I would do it the first 2 years if he would do it tlhe
second 2 years.

Mr. HEciHIiER. Good to have you here, Dr. Stever.
You may proceed.

STATEMENT OF DR. H. GUYFORD STEVER, MEMBER, PANEL ON
SCIENCE AND TECHNOLOGY, HOUSE COMMITTEE ON SCIENCE
AND ASTRONAUTICS

Dr. STEVER. Chairman IHechler, members of the subcommittee, I
appreciate the opportunity to discuss with you some of the issues and
prcblems involved with civil aviation and some of the actions involv-
ing aeronautical research and development that have occurred during
the past year.

You have just heard a general review and restatement of the views
of the Aeronautics and Space Engineering Board of the National
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Academy of Engineering, on civil aviation research and development
and the Federal Government's involvement.

I have taken the task, to follow Dr. Bisplinghoff, of trying to tell
you what we have observed happen in the year or so since our report
was published. A far better understanding of current problems has
been developed. There is a growing realization that these problems
will worsen unless strong measures are taken. But not enough is being
done now to meet these problems.

I do agree with Mr. Pelly that we can point to some new pieces of
progress. He mentioned the improvement in the noise, in the introduc-
tion of the 747, and presumably other members of that generation of
aircraft.

I think that really has come about by applying the knowledge that
we have had in the noise field, when it becanme apparent that we had
to apply it. But I still would agree with Dr. Bisplinghoff's statement
that there is a great deal that we don't know about the fumdamentals
of noise, and as we are asked for future solutions, better solutions in
the noise problem, finding them will be more difficult.

Still it is very nice to realize that when a problem is pinpointed and
people get interested and even excited about it, and all of the mecha-
nisms in Government and in the private sector including technical
groups and industry begin to focus on the problem, progress can be
made.

We believe we see a considerable improvement in the communica-
tion of ideas in this field. among the technical community and elements
of the public and private sectors. As examples, in addition to the ac-
tive interest your committee has taken, in the fall of 1968, and now
here in the fall of 1969. the American Institute of Aeronautics and
Astronautics shortly after publication of our ASEB report, devoted
their "president's forum." a general -ession of their annual meeting,
to consideration of the question, "How Should Civil Aviation Develop
to Serve Our Society Best?"

It was my privilege to address the group with the results of our study
and participate in the discussions. There was a very broad represent,',-
tion from industry, the academic. community, and Government at
the meeting, and I feel that as a result there has been considerably
more activity toward solution of the many problems discussed.

At about the same time last year Dr. Bisplinghoff addressed the
members of the Airport Operators Council International (AOCI) at
their annual meeting. As he noted, there has been increased interest
and activity on the planning necessary to improve airport and termi-
nal facilities.

As a matter of fact, the AOCI and others, including the American
Road Builders Association and the Aircraft Industries Association,
to name only a few, are actively considering ways to improve the air-
port planning process on a national scale.

These and other efforts are all to the good. Further, I believe that
along with these activities the news media are now devoting more
time to the area of aeronautics, particularly to the problem areas and
possible solutions. I think we can say that during this past year a good
many more people both in and out of Government have begun to
think and talk more about civil aviation, and hopefully this will re-
sult in greater effort and thus more rapid solution to' the problems
facing us.
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Unfortunately, the communications are not always on the same
wavelength, for many propose the suppression of civil aviation to get
rid of nuisances such as noise, air pollution, ground traffic congestion
around airports, et cetera, while others propose elimination of the
nuisances so aviation can grow.

Our boaid has been concerned that, even though a number of ex-
cellent studies have been completed over the last few years and even
though thexe has been fairly general agreement that some recommen-
dations made should be implemented, the implementation just has not
occurred at a satisfactory rate.

One might dismiss this lack of action with the observation that
there just has not been enough money to do the necessary work. That
answer is too easy. This country has, and I believe will continue to
have, enough resources to do the things necessary to permit reasonable
growth and efficient operations in all important fields.

It is true that more money will be needed, but along with that, as
Dr. Bisplinghoff has noted, should come much more complete analysis,
more comprehensive overall planning at the national as well as local
level, and better organization of the Government elements working
on the aviation problem.

I might elaborate just a moment on the need for analysis of the
overall transportation system. It would seem that the concepts of
systems analysis might be ideally suited to this job relating to the
growth of our transportation system, analyses taking into account
technical problems, economics, sociological factors, regulatory factors,
noise, pollution, et cetera.

Such analyses can suggest ways to optimize the transportation net-
work. We are encouraged that NASA and DOT have agreed that
NASA's Mission Analysis Division should look at the methodology
involved with such analyses. Hopefully, this may lead to better use
of analysis techniques in the civil aviation field. If so, it will be a neat
example of spin-off from space technology, since the Mission Analysis
Division has been most occupied with space problems.

Our board has been concerned also to find out what specific actions,
if any, have been taken by NASA and DOT as a result of the recom-
mendations made in our report. During our discussions last summer
with NASA officials, when I say "last summer," I mean the summer
of this year--they indicated that the report had been used extensively
in reshaping their aeronautical program.

Of the approximately 100 recommendations, 19 pertained to other
agencies. but of the remaining 81, NASA had responded to all but 15.
Where there had been no response, the reasons were primarily lack of
funds and/or staff to take action. Finally, NASA noted that they had
found the report useful during their budget formulation process.

We also see increasing evidence that NASA has instituted closer
coordination with DOT and DOD in the aeronautics area. For example,
in response to a DOT request NASA is doing research on the vortex
effect behind aircraft during landing, particularly for the case where
parallel runways are being used.

And it is very clear from some of the things that Dr. Bisplinghoff
said that the great traffic jams in the large city airports are going to
require more parallel runways. Additional effort is planned on aircraft
noise reduction with establishment of a new noise research laboratory
at NASA's Langley Research Center.

88-681 0-70-----18
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That Center has increased its aeronautics staff by about 30 percent,
and the Lewis and Ames Centers have likewise increased their effort
on aeronautics. A special study group has been established by NASA
to identify areas in which the NASA Electronics Research Center
may assist DOT-FAA. This is one of the specific actions we feel may
speed the transfer of technology acquired in space programs to the
civil aviation field. As Dr. Bisplinghoff noted, we believe there is
much to be gained, particularly in the traffic control field, from such
an effort.

With respect to the future, it is encouraging to note that NASA
and DOT are cooperating in their budget formulation process to pro-
duce a coordinate aeronautics program. A far better balance in their
programs should result. As you know, DOT and NASA have begun a
15- to 18-month study of civil aviation research and development
policy.

Associated with this effort, there is a study advisory committee on
which Dr. Bisplingboff and I, together with other members of the
ASEB, as well as other members of the aeronautics community, serve.
Our committee plans to meet with the DOT and NASA study chair-
men, study director, and working groups every 2 or 3 months over
the next year to review progress made in the study and the planning
for subsequent work.

The advisory committee, made up of highly knowledgeable engi-
neers, technical and financial managers, and operators from various
fields of civil aviation, should provide expert and ,road advice and
counsel to the study managers.

Such detailed studies and analyses are needed, but I believe, and I
am sure that Dr. Bisplinghoff agrees, that many of the remedial actions
that must be taken to improve civil aviation are already known. When
the remedies are known and when they can be agreed on, we would
urge that funds be provided and work started. Later efforts can then
be phased in as they are identified. In short, a great deal of valuable
time has already been lost, and we strongly urge prompt implementa-
tion where there has been agreement on a plan ofaction.

From our discussions with NASA we are aware of some additional
technical efforts on aeronautics they have underway. For example, in
the electronics and control area there has already been an increase in
effort on automatic landing systems, pilot warning or collision indica-
tors, satellite servicing instrumentation, and computer technology.

In biotechnology and human research areas additional work has been
initiated in the fields of noise, aircraft operations, and human factors
aspects of air traffic control. There is increased effort in basic research
on materials, aerodynamics, and detection of clear air turbulence.

Additional work has been undertaken in aeronautical vehicles re-
search and devel-opment on hypercritical wings, engine noise, advanced
flight simulators, various flight test programs, and structures. In one
sense that paragraph is a small summary of some of the things that Mr.
'Bruce Lundin has been telling you, but in this case it is the observation
of somebody from outside the Government as opposed to inside the
Government.

I have already touched on a number of areas where DOT has begun
additional activity with NASA. DOT has also undertaken other activ-
ities that give promise for the future. During the past year DOT and
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NASA officials at the Assistant Secretary level and at lower levels have
been meeting and working toward more effective cooperation. Also, as
you know, the Secretary of Transportation in July 1968 established
within the DOT a committee chaired by Mr. Ben Alexander-I believe
he has testified before your committee-to study long-range air traffic
control problems, to develop solutions, and to report on their findings.

While many of their recommendations have been transmitted to
working groups within DOT and NASA, I understand that the formal
report will soon be published, and that it will provide much of the
specific information needed to point the way toward an adequate air
traffic system for the future, again a subject which Dr. Bisplinghoff
talked about.

The Secretary also asked the Electronics Industries Association
(EIA) to establish a panel to study and recommend improvement of
existing and plans for future air traffic systems. I -understand that dur-
i its deliberations the E•A worked in cooperation with the Alex-
ander committee.

And I would like to make another parenthetical remark Mr. Chair-
man, about this. Dr. Bisplinghoff pointed out that the ASEB studies
of a couple of years ago, are the first example in which the professional
societies were brought heavily into the work of the national academy.

Here is another example of an outside association brought into the
work when problems were being studied. My personal feeling is that in
the study phase it is an extremely profitable thing to have members of
Government of all branches, legislative, executive, and the trade asso-
ciations, the knowledgeable engineering and science societies, the
national academies, to work together.

The communication is so much better in arriving at studies that way
then it is by having one group go into its own closed room to come out
with its idea, and then exchange it with another group from its closed
room. I really think this technique which is developing is a very im-
portant-I won't say tool for Government-tool for our society.

I might mention one other example of increased activity and interest
in aeronautics. Our board members and staff have had discussions with
Col. William Anders, Executive Secretary of the National Aeronautics
and Space Council, and members of his staff, and are encouraged by
the fact that he and his staff intend to devote a considerable amount
of time to the aeronautics area in the future. We believe this is a very
promising development, and we hope it will lead to increased recogni-
tion and support for aeronautical programs.

In summary, then, it is my feeling that the past year has brought
awakened interest in civil aviation and some increase in activity. I feel,
however, that there is an urgent need for the accelerated and ex-
panded program of aeronautical research and development which we
have recommended, the signs of which are now beginning to emerge.
We would urge greater support for these civil aviation and aeronautics
research and development programs than we believe is currently pro-
grained. Particularly, more implementation of ideas already agreed as
important is needed.

All of this gives some indication that there is some improvement
in the attitudes, organization, and support of research and develop-
ment pointed toward civil aviation. But there remains some serious
questions which your committee must address.
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One pertains to the basic assignment of the responsibilities for the
field of civil aviation research and development. One of the conclu-
sions, I believe one of our most important, in the report by the ASEB
recognized that the DOT, in ticular FAA, was the focal po.'t of
civil aviation problems and emirnient operational responsibilities
while on the other hand NASA has more competence in research and
development as well as larger aeronautical research and developmentfundinig.

The recommendation that NASA be given more research and de-
velopment responsibility grew from those tho hts. I think, however,
that this committee must examine the record toda and the near future
to see if the cooperative efforts of DOT and NASA are producing the
results. Otherwise other arrangements must be sought, arrangements
that in fact bring the talent, facilities, and funding of these organiza-
tions into more effective combination.

Of particular concern to me is the magnitude of the relative space-
oriented and aeronautical-oriented budgets within NASA. There will
be changes over the years in NASA budgets because of the changes in
space objectives. If these result in decreasing space budgets, the aero-
nautical research and development budget should not be simply at-
tached to the space level but should be independently handled, and
adjusted to fit the problem.

There are some other frequently cited points about civil aviation
which should be reexamined. In fact, I would have a slightly different
opinion today than I did a year ago with respect to this relationship
between military aviation research and deve0pmoent and civil.

There is the often stated point that civil aviation used to be the direct
beneficiary of military aviation research and development, but that
now military and civil aviation are pursuing such divergent paths
that there is no longer this close relationship.

I think that that is true, but if we are to permit our thoughts to carry
that to the extreme, we will again be wasting a major effort in the
country, because although the aircraft and related equipment budgets
in the R.D.T. & E. budget of the Department of Defense have been go-
ing down, I have the results here, approximately $800 million, in the
year 1965, going to $845, going to $744, $762, $5b9 and $645, over the
succeeding years, to the 1970, although aircraft and related equipment
budgets have been going down, that still is an immense amount of work
in the aircraft field, and so we shouldn't carry this statement to its
extreme.

Mr. Hzm. . Total R.D.T. & E. has gone up during this periodI
Dr. STxvms. Yes, ILD.T. & E. budgets have gone up although they

are about now to the same level as 1965, according to this statement.
I would have to check that, to see its accuracy. But your statement is
generally correct, the gap is wide, but still, that is an immense aircraft
and related equipment budget and we shouldn't lose sight of the fact.
We shouldn't carry this statement that civil aviation and military
aviation are diverging to the end point in which we say we can't get
an~thing out of it.

They are somewhat divergent but the elements of commonness are
much greater than recognized especially in components such as en-
gines, controls, et cetera, as well as materials Even in prototype devel-
opment there are occasional elements of commonness.

L.. m mt
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By way of example, civil aviation awaits the development of inter-
city VTOL and STOL; te military services want light, medium, and
heavy intratheater transports. I believe that avenues should be ex-
plored in which some of these prototypes common to both military and
civil aviation are developed.

May I say only one other word. The chairman requested comment
on the problems of education of engineers to handle the wi list of
aeronautical problems. Dr. Bisplinghoff gave a recital of several points
with which ree. I would like to go a little farther, though.

My observation is that technical education, in general, is in serious
straits for two reasons. One is that there is a very widespread mood for
not venturing forward in technology at this time. There is also a clear-
cut drop in real suplort by Government for advanced work in science
and engineering. This is leaving an impact on engineering and science
schools and their studenti.

This point has been magnified by Dr. Bisplinghoff. I would like to
say to you that youth, especially youth in the technical fields, bears the
brunt of recessions. At the present time, while the country is going into
a mild tightening of its operations, that is in industry and so on,
budgets are being tightened, there is a leveling off of research.

The youth get this in the magnified form because when any agency,
whether it is Government or academic or industrial, is asked to
tighten, it tends to keep the people already employed, and handle
them, because of the feeling that it has a responsibility, and the hiring
of new young peopie is greatly reduced, and so they bear most of the
brunt of a cutback.

And I believe this effect has already started in the fields of science
and engineering. If the Congress supports generally the need for better
science and technology, one of the essentials for a strong and growing
economy, thus aeronautical education will share in that strengthening.
This is a belief that I have. I think that, as I say, that aeronautics is
the beneficiary of a very broad science and engineering effort in this
country and when that broad effort suffers, so also does aeronautics.

Thank you very much.
Chairman MxrzLa Mr. Chairman, I must leave very soon. I want to

congratulate both of these gentlemen. Of course we look upon Dr.
Bisplinghoff as sort of a postgraduate of NASA, and recognize Dr.
Stever for his long service on our panel.

I was very much interested in some of your last statements, Dr.
Stever. We have a university grant bill that we had hoped to get
out before this. We still will continue to press it, making some block
grants to universities, because among other things, this committee is
charged with certain work in the field of scientific education. I am very
happy to hear you again, because you were one of the first that ap-
peared before the committee.

Iwant to assure you that we are still trying togo forward. I am very
much interested in the things that you say, and I want to congratulate
Mr. Hechler on the work that he i's doing. I am going to have a talk
with him about doing some work in supervising and getting reports to
us regularly on the cooperative work between DOT and NASA and
other agencies of Government.

Unfortunately, some of the legislative authority is spread over a
number of committees and it makes it very hard. I am very much
concerned with what you have to say about airports, because as one
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who travels a great deal between here and the Pacific Coast, I am
conscious of thelength I have to walk when I get off an airplane before
I can get to my transportation.

I have tried to figure the times and the length of time it takes
me to make a reservation, and get a ticket. Now maybe I don't go
down and t a ticket, but I have to send one of the girls down for a-
ticket and Shel may have to stand around for bt or 30 minutes waiting
her turn.

If 11g down I get it a little quicker, but that is not fair. I have
added Sthese things up, getting your baggage to and from airports,
and I find that I can cross the continent in about 300 minutes from take-
off to landing. If the wind is right we will cut sometimes 30 to 40 min-
utes off that.

But it takes over 200 minutes to do all of these related things before
I can get on the airplane and get off it. I have even tried making
a change from the west coast at Chicago to come into National because
it is a little easier to get in town from National. But you do occasion-
ally get some bad weather in the Midwest, and I have sat around many
hours in the ai rt at Chicago, waiting to make my transfers.

So then you decie it is better to get to your destination ar. i not
transfer. But in this matter of airports, I don't know. I hope that your
group gives some real serious thought to this problem. Is it going to
be necessary for the Federal Government to establish standards? Or
are we going to get a parochial feeling in many cities, that they have
the better architect than somebody else, and he is going to lay out
an airport as he sees it, and they can talk about their beautiful airports?

When I first went out to Dulles I thought it was for the birds. I
think now it is the best airport in the world today. I say the world
because I have been in quite a few of them and I haven't seen one
that beats it. But, are we going to have to come to this: to establish a
universal standard for airports?

The Federal Government helps build them. But we let the local
people design them. For instance, in Los Angeles, if you come in on
one airline, there is maybe 400 or 500 feet that you have to walk from
the airport to the terminal. If you come in on another airline, they
have a moving sidewalk that helps a little bit.

But the other airlines haven't seen fit to make this investment. I
asked an official of one of them one time, one of the major lines, "Why
not?" Well, he said, "We didn't think it was necessary in the begin-
ning, and it would be too expensive to do it now." How are we going to
get away from this?

Even in your most sophisticated, Kennedy Airport, Lord help you
if you have to transfer from one airline to another. It is not easy.

Dr. SrTm. Mr. Chairman, I would like to speak to this point on
airports in two ways. Of course, there are some aspects of airport de-
velopment which, because of the safety responsibility of the Federal
Government, they must control, and these are the number and loca-
tion and size of runways, which of course do play an important part
in the total planning of an airport.

And in that part, I see no escape by Government for being in the
operation and in the business of planning those airports. On the other
aspect, it is my feeling that while the local competition and local inge-
nuity and originality is a very important thing, I think that the Gov-
eminent has a role there of communication, giving the good ideas,
and in fact developing some good ideas to be available for at aspect.
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Dr. BISPLImNGOFF. Well, I think a handbook of elementary prin-
ciples, in airport design might be put out by one of the Federal
agencies.

Mr. HwcmTz It could be used by local architects in cities that were
struggling with this problem.

Chairman MuiLri. I think you might invite the American Institute
of Architects to sit with you on some of this.

Dr. STm That would be an interesting point.
Chairman MumL. It might be a very interesting point, because

as the doctor says, a local handbook would be quite desirable. Well,
I want to congratulate you both. Unfortunately I have to run. I ain
sorry I missed Mr. Lundin.

(tDiscussion off the record.)
Mr. HwmyiL Mr. Pelly.
Mr. PELY. Mr. Chairman, first I want to note that when any ordi-

nary member of this committee starts getting out of the jurisdiction
of this subcommittee, you reprimand us. But when we have Mr. Miller
here we are very glad you brought up that subject.

Chairman MmLm. I don't reprimand you; I just don't want to
bring down the wrath of the gods.

Mr. PFLLY. But Mr. Hechler does, and we were glad you were here
to bring up a subject on which we are vitally interested.

Chairman Miam I am not saying it is within our jurisdiction, but
I certainly say it is an inescapable part of the aeronautical problem,
if we are going to solve it. See, we west coasters can get into some
arguments, too. Mr. Pelly is a very valuable member of this commit-
tee. and comes from the great State of Washington.

Mr. PELLY. Well, I never get into an argument with my committee
chairman, because you always rap me down. I do appreciate the fact
that you are interested and you come to our subcommittees and bring
up a subject in which we are greatly interested.

Chairman MILLER. I would like to be at all of the subcommittees.
If I was an amoeba maybe I could divide myself.

Mr. PEALy. Now, Mr. Hechler, if I could come back to the two very
distinguished witnesses. I want to join Mr. Miller in thanking you for
your very fine contribution here. Both of you gentlemen referred to
the matter of getting engineering talent, new blood into the research
programs. This is a subject that interests me a lot, because I have lately
been noticing the dremendous interest that young people are showing in
the environment, and here we are today talking about research and
noise abatement and the clean air and other matters that fall under the
jurisdiction of this committee, and if we could only enlist that interest
that young people have now in our environment, in this research in
doing something about the environment in a practical way, I think
it would be very helpful.

I was thinking about the day that the President announced that he
was going to proceed with the supersonic transport. This television
program reached many millions of people young and old, and it was
one of the new type of aircraft that Dr. Bisplinghoff referred to as
needed to excite these young people, and yet that very night I listened
to a team of commentators and one of them, raising his eyebrows and
adjusting his voice to maybe, to imply something, said "So now the
rich willbe traveling at the expense of the taxpayers."
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Well, I don't view it in that light at all. I view it as the fact that,
and I am sure you agree with me, that the economic feasibiliti of this
advanced type of transportation will be not one to necessarily carry
only the rich, but to anyone who travels now, including students.

And I wonder if you wouldn't agree, too, that the development of
this type of new air transportation will certainly keep us supreme
in this field of technology which keeps our Nation on top, and helps
in the end to alleviate some of the problems of congestion of airports,
at least for the time being.

We won't need some planes at least if they are going to pollute the
air, if they are going to travel faster.

Dr. BisPLiNoHon'. Well, let me comment on your statement in the
following way, Congressman Pelly. I think you'have put your finger
on a very important turn of events in education. There is a true
groundswell among students of science and engineering toward interest
in improving the environment, in improving the way we do things
on earth, and one of the results of this is an increased interest on the
part of our students in science and engineering in transportation it-
self.

And this can be reflected by the interest we find among other students
who study in the field of whet might be called aerospace engineering
or aeronautics and astronautics. I noted that at MIT within the last 2
years, a much larger proportion of our students have become inter-
ested in aeronautics and air breathing and air vehicles in contrast to
space than we have had in the past or 8 years, and I think this is
simply a reflection of this groundswell that you alluded to right at the
beginning of your remarks.

And I would say this is one of the bright spots insofar as our dis-
cussions are concerned here, relating to the field of aeronautics and the
application of aeronautics to improve transportation. With retard to
the SST, I have been an SST supporter for many years. I could only
say that it makes sense from a lt of viewpoints, and it makes a great
deal of sense from the viewpoint of economics.

It is a good R. & D. investment from the standpoint of a later eco-
nomic return on investment. I don't know of a better R. & D. invest-
ment that this country or any other country could make.

It is going to have a profound influence on commerce between the
United States and paxticularly in the long run the other countries that
we have to reach over the vest expanses of the Pacific Ocean.

Mr. Pzra. I wish you had used Seattle to Tokyo rather than San
Francisco in the illustration, Dr. Stever, because it is the shortcut
route to Tokyo.

Dr. BISPLINOHo0F. If I would have had the proper foresight, I would
have done that.

Dr. SmxvEz Mr. Chairman, may I add, Mr. Pelly, may I add one
thing to what Dr. Bisplinghoff said. First of all, I will reinforce what
he said. But one of the important thins I think, one of the important
mg to got across to young peop e who are entering the fields of
engineering and science, is that in the case of some of these nuisances,
problems, which they see around them in the environment-noise and
smoke and so on-alleviation can be accomplished by more an3 better
technology in a society that is interested in doing it. In fact, I can't
conceive of our society doing it without better technology.
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I think we can have better air transport and not have the nuisance
problem grow, the noise and the smoke. And we have already begun
to prove it in the business that you mentioned, the 747. While the
engines are four times as powerful, on the average, as the existing jets,
they are not noisier.

7n fact, the whole airplane gives the impression that it is going
to come out with the same noise level or less. The same can be said
about the smoke problem of aircraft. That can be eliminated. So I
really feel that as a country we have got to encourage the young peo-
ple to-if they want to do something about the nuisances they see
about them, the problems of the environment--the way to do it is
through the proper application of better science and engineering and
technology.

Mr. PiiU1. Certainly President Kennedy inspired the American
people toward the goal of landing a man on the moon and returning
him. With the same kind of leadership to inspire our young people
in research and doing something about the environment in this field,
I think it would be sufficient.

Dr. Smvmt. It would be a tremendous boon to those of us who are
at the cutting edge of education.

Mr. HzHLum. Well, gentlemen, I am no expert in the generation
gap, but I think what does disturb many young people is the fact that
the technology is here in many cases. Yet there are human, political,
and bureaucratic stumbling blocks which stand in the way of solving
these very serious problems that confront us in questions like the pollu-
tion of our environment, and the problem such as you have touched on.

I think you put your finger on it very well in analyzing with re-freshing objectivity what had happenea to your report, and I like
the way you put it. There is a gap here between the things that you
have set forth and recommended in this report, and their application.

Dr. STrv•. Yes.
Mr. HrEVLme. And despite the good cooperative relationship be-tween DOT and NASA, it strikes me there is still a lack of precision

in just exactly where we are going and how quickly we are going to
get there-in fact, even where we ought to go first in our priority list.

Is there anything-
Dr. STzwiv. I agree; yes.
Mr. HECHL=E. Is there any clue that you can give us as to how to

move a little faster in this atmosphere which in cold weather some-
times gets a little like molasses?

Dr. STEvim. Well, of course, you people are the legislators and ou
are experts at cutting through and reducing the molasses quality
of our environment, and I must say, to me, there are lots of signs
of progress. I think you have to keep it up.

You know, it is an interesting thing. It was a very short time ago
that nobody in the aeronautical field ever realiy felt that the noise
problem of airplanes would be a serious problem. But all of a sudden
the world got interested in it. And as soon as they got interested,
progress began to come up. And that is what we have got to do.

We have got to get interest in the solutions being pushed into thesystem and the system will produce these. The same with the smoke of
airplanes. The 747 doesn't smoke, et cetera.

Mr. PRLLy. Of course, if I might inject a thought here-and I don't
want to compete with the Vice President in attacking the news
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media-I think we need some more balanced news reporting. I know
as far as the SST is concerned that one of our leading local papers car-
ried the argument of the opposition, and the task iorce's adverse re-
port. But, they never saw fit to carry the other statement that the head
of every airline, major airline in the country was supporting it. And
I think they sometimes don't inspire a desire to overcome what you
call, Dr. Stever, the widespread mood for not venturing in technology
at this time.

I think we need a little better reporting somewhere.
Dr. Srzzvzp Yes, positive thinking.
Mr. Hz•m•. Well, the application of the technology, though,

would encourage more people perhaps to get into it, if they could seeit being used and see some of the factors that are now discouraging its
use brushed aside a little faster.

Dr. STzvyR. Yes.
Mr. HiOHLE. Youth is always very impatient, but I think they have

great reason to be impatient, when you see the way in which some of
these problems can be solved with current technology.

But your citation of the way in which we have become awakened
to the noise problem brings to mind the fact that the airport problem
really is far more complex, even, than you have indicated, Dr. Bis-
plinghoff, in talking about design. It is a problem of diminishing
amount of land in this country.

It is a problem of the loudest voices being heard. I think someone
mentioned before this committee last year that we ought to have a
little better system of communicating objective facts and making
available planning to local communities.

I don't know if that is the answer, but right now those who oppose
all action or progress can be heard and they are masters of psychology.
They know that if they scream loud and long enough about certain
things that they are not going to be done. I think the President put
his finger on this when le talked about the silent majority. Even
though I happen to disagree with the context in which he placed it, I
think there is an area i aeronautics that we ought to direct our
attention to.

Dr. STEv=. Mr. Chairman, along that point every now and then I
see a favorable sign. It is in connection with the problems that have
arisen in the New York area, with respect to the tremendous job, the
difficulty they have had in getting the fourth jetport. I saw in the pa-.
pers the other day that the FAA is now changing its approach to try
to solve the airport problems of the New York metropolitan area by a
different approach, not to have a fourth jetport but to make greater use
of smaller fields, make greater use of the STOL and VTOL that we
are so anxious to have.

But that very problem, the increased tension in the New York
area is, I think, making other communities more aware that they
have got to go to a systems approach. This morning or in the very
recent past I saw in one of our Pittsburgh newspapers where Pitts-
burgh isualso planning a major improvement of its airport.

But in addition to that the people thinking about the airports in
Pittsburgh have now come u with a recommendation that the air-
port authority, the county, ma e greater use of the three or four other
airports around an~d begin to plan them intothe .syste. So here isprogress already mn greater communication in airport plaunnig.
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Mr. Hr[EcHLE. The preamble to the Constitution starts off, "We, the
people of the United States, in order to form a more perfect Union."
In the field of aviation and aeronautics one would think that the deci-
sion were 100 percent by and for the benefit of one community. Yet
we have entered an age where people from 50 States and many foreign
nations use these airports, and depend on the safety, location and
convenience and the other factors that are so important to everyone.

Dr. BismaNEOOr. Mr. Chairman, as a scientist and engineer I am
not very comfortable with our record. However, in dealing with some
of the undesirable effects of technology on society, and my students
remind me of this all the time, that the engineering scientist hasn't
been very responsible in this connection.

We must always remember that there is an economic tradeoff here.
If you do very much to change the effict on the environment then
it is going to cost money. If you do quite a bit it is going to cost quite
a bit of money, and in almost every case, including the noise produced
by aircraft, there is a very large economic tradeoff. And unfortunately,
we somehow or other have not had the ability to take these actions our-
selves. We have had to wait for this long feedback loop to take over
from the people, almost up to the Congress, and we have in case of
aircraft noise had to rely or are going to rely on Federal regulations
coming down from the top.

I am not very comfortable with this, myself. I think it is one way
to work, but I believe that the scientist and engineer and perhaps the
universities may be able to exert a considerable influence on this
in the future.

But we have to get some smaller feedback loops in the system and
some shorter reaction times than we now have. I am not sure-that I
can tell you how to do this, but it may be necessary to do it within
the executive branch of the Government in some way.

But we have to find, I think, a better way of dealing with the long-
term undesirable effects of technology that we now have.

Mr. HiEHLER. Well, I agree with you 100 percent. If Mr. Pelly
would allow me to get out of the jurisdiction of our committee
again-

Mr. lECHImR Incidentally, I am very pleased that you brought this
up in the presence of the chairman, because it indicates that we are
going down the right line.

But just as a side observation, in the area of coal mining we have
run into this whole problem of the economic incentive producing
mining machines which dig out coal faster, and damage the lungs of
the miners more. This is an analogous byproduct of technology.

But when we get this back to the committee's jurisdiction how in
the area of aeronautics can we proceed, both in Congress anQ the ex-
ecutive branch, to try to minimize the straight economic incentive or
fallout of technology, and try to make sure that we can plan in line
with national goas and priorities, and also the protection of our
environmentI

Are there any other suggestions you have along those lines?
Dr. S•vr•. Well, I think the pressures from the people are getting

so great that everybody, every technical person, every administrator,
every legislator is going to have to respond, and put into the equations
that Dr. B'eplinghoff mentioned the environmental factor, as well as
the economic.
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Mr. HmHLmt There is one factor that I have repeatedly mentioned
before this committee and that is leadership.

Mr. SiTwvz Yes, sir.
Mr. HzcmmLa It is highly important to enunciate a national goal

that will take into consideration the very things we have been talking
about.

Dr. BzsPww•roFo. I think our democratic process works well in
this connection. The only thing that I find wrong with it is the long
feedback time, and I think with new technologies developing, we are
going to h,.ve to find a shorter feedback time.

Mr. HECHLEM. I rode back on the plane on Sunday with a retired
colonel who was telling me about his experiences in Ethiopia-oh, how
wonderful it was, that he was able to bring the Emperor out to the
edge of town to talk about a new housing development that they were
planning on erecting.

The Emperor had asked two or three questions about it, and finally
had said, "OK, let's go ahead," and then they went ahead.

And, of course, in a society like that, there are many other problems,
not to mention palace revolutions that you have. You are not suggest-
ing that we go that course, are you

Dr. BISPLINoHOFF. No, sir.
Mr. PRmLy. I would just like to comment that I think this has been

a very refreshing and very objective and constructive session this
morning, and I want to thank the two witnesses for making it that
way.

Mr. Hzcmiz. Yes, I certainly share those sentiments.
Along the lines of a question I asked Mr. Lundin earlier, can you

assist NASA in compiling some data on just where we stand insofar
as the young engineers interested in aeronautics are concerned?

We have made several comments about it, but I think we ought to
tie this down scientifically, if you will, in terms of the numbers, aver-
age ages, and what the future holds, and what other things that could
and should be done in order to insure that the reservoir is replenished.

Dr. BISmlINOHOFF. Yes.
Mr. Hzc•Hmn Are there any observations or comments that either of

you gentlemen would care to make?
Ifnot, we certainly thank you, Dr. Bisplinghoff and Dr. Stever.
The committee stands adjourned until tomorrow at 10 am.
(Whereupon, at this time the committee adjourned, to reconvene at

10 a.m. on W'edneday, December 10,1969.)
(Dr. Bisplinghoif submitted the following material on the problems

of encouraging younger personnel to become associated with the field
of aeronautics.)

NATIONAL AcADzmy OF ExonimniG,
Washington, D.C., January 13,1970.Hon. Kaw HECHL,

Chairman, Subcommittee on Advanced Research a.•d Technology, Comm•ttee on
Science and Astronautics, Rayburn House O•flce Building, Washington, D.C.

DMANKMM: When Dr. Stever and I appeared before your Committee on De-
cember 9, you asked for any additional infomation we might have on the ques-
tion of education of aeronautical engineers in this country.

We share your concern over the increasing average age of engineers engaged
in the research, development, and engineering of atmospheric flight vehicles.
This coincides with our observations of a general decline over the past decade
in the number of younger people entering into aeronautical engineering.
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It is doubtful that this trend can be altered significantly unless some of the
undserlying causes can be changed. You will recall that we mentioned at least
three factors which we feel have contributed to this unfortunate eituation. Briefly,
these are the great upsurge in support for space research and development in
the early and mid 1960's, the concurrent reduction in government support at
universities for research and development on atmospheric flight vehicles, and the
decline in the number of new aricratt types developed in the United States.

Despite what appears to be a bleak picture, there may be a bright spot emerg-
ing. Data available at MIT indicate that within the last two years a much larger
proportion of our engineering students have become Interested In aeronautics
and air vehicles as compared to space. This is in contrast to the trend established
,ver the previous seven or eight yeamrs

I believe this resurgence in aeronautics can be accounted for, in part at least,
by the increasing interest of science and engineering students In improving our
national environment and the way we do things on earth. Hence, air pollution
and air transportation, to name only two current major problem areas, repre-
sent a challenging opportunity for the young aeronautical engineer to make a
significant contribution to the needs of the nation.

Perhaps greater visibility on the problems and challenges of civil aviation and
its Importance to the national welfare could still influence even more students
to embark on a career in aeronautical engineering. In general, I believe, the
young students of today must be shown that careers in science and engineering
offer one of the best opportunities for them to make a real contribution to the
betterment of the quality of life.

Dr. Stever and I hope thi% information will be useful to you in your continuing
effort to strengthen the technological base of the nation.

Sincerely,
I. L. BISPLINGHOFF, Chrairmano.
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W ashington, D.C.
The subcommittee met, pursuant to adjournment, at 10 a.m., in

room 2325, Rayburn House Office Building, Hon. Ken Hechler (chair-
man of the subcommittee) presiding.

Mr. HlEoma. The committee will be in order.
This morning we will hear from Mr. Fred W. Garry, vice president

and general manager, Aircraft Engine Technical Division, General
Electric Co. of Cincinnati.

Good morning, Mr. Garry. Do you have a prepared statement you
wish to present to the subcommitteeI

Mr. Gamiy. Yes, sir; I do.
Mr. Hzi-mnm. You may proceed.

STATEMENT OP FRED W. GARRY, VICE PlE[E AND GENERAL
MANAGER, AIRCRAIT ENGINE TECHNICAL DMISION, GENERAL
ELECTRIC 00. OF CINCINNATI, OHIO

Mr. GAP•y. I am Fred W. Garry, vice president, General Electric
Aircraft Engine Technical Division. I have been with General Elec-
tric since 1951 and my responsibilities encompass ullphases of aircraft
engine design for the General Electric Co., beginning with research
sand development and extending on through development of the engines,
the qualification and postsales service.

Mr. Huomm . Excuse me, Mr. Garry. Without objection, I would
like to place in the record your biographical statement.

Mr. Gutsy. All right, fine.Mr. Hzom6,t. You may proceed.(The document follows:)

SFu wo W. Gane, V103 PsusnT, AnuRmr Exiw TtcHTICAL DmszoN,
Gmw. ELrarMO Co., AMxnw'r ENoINE Gzouin

Mr. Garry graduated from Rose Polytechnic Institute with a B.S.M.E. degree
In 1951 and received a Doctor of Engineering degree from Rose Polytechnic
Institute in 1968. He joined the General Electric Company's Flight Propulsion
Division in 1961 and has served in a series of component and engine design posi-
tions. Following his appointment as Design Manager of the Mach 3 as9 engine,
he became Manager of the CT00 Turbofan Project and, shortly thereafter,
attained responsibility for the 03610 Turbojet Program as well. He was ap-
pointed Manager-Engineering, Production Engines, 1966; General Manager-
Engineering, 1967; and was elected Vice President October 28, 196W

Mr. Garry's responsibilities Include the engineering and technical program
management for all of the General Electric Aircraft Engine Group's commercial

(208)



204

engines, as well as for military engines, and land based engine applications. Mr.
Garry's aeronautical background and current activities are extensive including:
previous military experience in the US Marine Corps as a Naval Flight Training
Instructor and pilot of fighter aircraft, current member of the Board of Di-
rectors of Greater Cincinnati Airport, member of the SAE (Society of Automo-
tive Engineers), Aerospace Council, member of the Executive Committee of the
Aerospace Technical Council of the Aerospace Industries Association. He main-
tains an interest in private aircraft flying; as an active commercial rated pilot,
owns a private aircraft, and Is a member of the AOPA ýAircrsft Owners and
Pilots Association).

A native of Stratford, Connecticut, Mr. Garry now makes his home with his
wife, Betsy, and their two children, in Cincinnati, Ohio.

PWAaax STATEMENT OF FRED W. GAEmy, VICE PRESIDENT AND GENERAL
M"AkQA•o, AI]WcAWr ENWoIE TIoHmIcAL DIVazoIN, GznzwAL ELzomo Co.-

OINCIlNATI
L INTEODUCTION

The Aircraft Engine Group has produced more jet engines for the United
States Government than has any other manufacturer. We have been producing jet
engines since 1942 when we built the first American jet engine. The Company
has now produced over 60,000 aircraft gas turbine engines including the well
known J79 used in the multi-service F-4 Phantom, and the T64 and T58 engines,
used in a wide variety of Navy, Army, and Air Force helicopters. In addition, the
Company has experience in the commercial engine business with the 0J850 engine
series currently in service on the CV880 and OV990 aircraft. The applications of
our engine range from supersonic aircraft to Navy patrol gun boats.

As a part of these engine programs, the Aircraft Engine Group has carried out
extensive research and development related to engine noise abatement since the
mid 19•s'. From this period of time to the present, the Aircraft Engine Group
has developed extensive Indoor and outdoor noise testing facilities. These noise
resources are located at the Research and Development Center, Schenectady,
N.Y.; far field noise test facilities at Peebles, Ohio; laboratory facilities at
Evendale, Ohio; and ground and flight test noise facilities at General Electric
Flight Test Center, Edwards AFB, California (Figures 1 & 2).

F1oGm 1
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FIGURE 2

II. PERSPECTIVE

In a few days we will enter a new decade, the seventies which promise many
great things for air transportation. The new Jumbo Jet airliners (DC10, 747,
L1011, A300) will become commonplace by 1980. The new Jets will carry up to
500 persons compared to about 150 in today's large airplanes. Powerful turbofan
jet engines of 40,000 and 50,000 pounds thrust, compared to about 12,000 to 20,000
pounds thrust of engines in today's commercial airplanes, represent a most diffi-
cult technological job In restraining their sounds to not only be no noisier than
today's airplanes, but to be even quieter.

For a number of years, we have been working hard to determine exactly what
causes the noise from a turbofan engine, and secondly, to evaluate many ideas
to alleviate that noise. We do not know how to make a powerful turbofan engine
noiseless; but we have made progress, stimulated by Government agencies and
the airlines, in understanding and reducing aircraft engine sound levels and,
now the Experimental Quiet Engine contract from NASA, we are hopeful that
further progress can be demonstrated, the results of which will be available to
all aircraft engine and airplane manufacturers.

Il3. PROGNESS IN BOUND EDU(ITION FOR HIGH BYPASS JUMBO J=l ENGINMB

Before proceeding to a discussion of the Quiet Engine Research I'd like to
provide some perspective on the state-of-the-art of low noise technology to be
incorporated into the second generation jet airliners. The General Electric
Company has been selected to provide new type engines for the two new Jumbo
Jets, the D)C-10 and the Sub A300B. Since we built the first American jet
engine a number of years ago, my Company has had a record of achievement in
innovation regarding the design of aircraft engines; and In 1964 we proposed a
new engine concept for the C-" airplane, the so-called high bypass engine. Not only
did this new kind of aircraft engine show, in some 5,000 engine hours of successful
flight, that high levels of thrust and new low levels of fuel consumption were
possible, but the engine sound (-1th a minimal of special attention to noise
reduction features) was much lower than what might be expected from Its size
alone. Furthermore, the quality of the engine's sound and Its fly-over character-
istics were less annoying. In the past year, we have designed and tested a

38-681 O-70-----14



206

commercial version (CI'6) of this high bypass engine. This commercial design,
however, also Included teatures that our research has proven to reduce noise.
Specific among these low noise desgn features are:

(1) The high bypass engine concept where 80% of the thrust comes from
the air going through the 7 toot fan, developing the thrust by using more
Jet air at lower Jet velocity than the engines now in service which have
fans that use smaller quantities of air at high jet velocities.

(2) A minimum of noise interaction effect between the stationary and
rotating components by eliminating inlet guide vanes, axially spacing the
outlet guide vanes away from the rotor; and providing a high ratio of
outlet guide vanes to rotor blade number (Figure 8).

(8) The use of a special sound absorbing material developed by General
Electrlc, in the fan ducts (Figures 8 and 4).

s WACO "4
F1 3
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Based upon ground static scale model and full scale tests of the CIM engine
design, it is anticipated that a noise reduction of the order of 10 PNdB will
be realized, as compared to a design not utilizing noise reduction design fea-
tures. This amounts to approximately a ninety percent reduction in noise energy
from the turbofan engine system.

I would like to play a short sound tape that demonstrates the progress we
have made In making our new aircraft engines quieter than engines on air-
planes operating at airports today, even though the new engines are much
more powerful and would otherwise be far more nosier than today's aircraft
engines. In the tape which you will hear, the message Is simple-we have
used the technologies which I Just described, to make new and powerful air-
craft engines quieter than old design engines now in service. (Tape).

IV. NASA RXPUYKzNTAL QUINN ENGINE PROGRAM

General Electric's portion of the NASA Experimental Quiet Engine Program
is a fan source noise reduction research program. It is a technology program,
not a powerplant product development, per se, but It will obviously have sig-
nificant implications for further turbofan powerplants. It is anticipated that
the results of this program will enable a 15 to 20 PNdB noise reduction over
current day commercial aircraft.

This $18.7 million two phase program, initiated in July 1969, will cover a
time-span of thirty-eight months. By the fall of 1972, all scale model and full
scale fan components, as well as engine testing, will have been completed.

The design phase (initiated mid 1969) Is nearing completion and is on sched-
ule for completion by December 81, 1969. The Phase II (option) is scheduled
for Initiation in January 1970 and will carry the program through the testing
of components and full scale engines. The funds allocated and planned for the
program are believed adequate to support the contracted program.

Important technical objectives of the Experimental Quiet Engine Program
are illustrated by Figure 5. These objectives are noise evaluation of low tip
speed versus low aerodynamically loaded fans; noise evaluation of specific fan
tip features designed to reduce fan source noise generation; and noise evalua-
tion of acoustically treated full scale turbofans. An additional technical objec-
tive throughout the program will be the correlation of acoustic theory with the
experimental test results.
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EVALUATE

.LOW-SPEED AND LOW-LOADING FANS
OFAN SOURCE NOISE REDUCTION

DESIGN FEATURES
*ACOUSTICALLY TREATED

TURBOFAN ENGINES

CORRELATE

*ACOUSTIC THEORY WITH
EXPERIMENTAL DATA

]ft'Ew 5

Experimental data already collected by GE seepn to Indicate that low speed
fans exhibit a more pronounced pure tone noise, whereas low-aerodynamically-
loaded fans seem to exhibit somewhat more pronounced broadband noise levels
as a function of frequency (Figure 6). The Experimental Quiet Engine Program
will provide the means to further analyse these indications, and to update and
increase our understanding.

FIGoUR 6
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An a part of the deign phase, the design of three different fans haa been
come All of these designs contain low noise design features indicated by
ftgure T. Based on test resmut from the program, a fourth fan will be deigned
and fabricated In 197L This latter fan will Incorporate the more significant
dedgn features that have shown p"omise of noise reduction. All of these fan
an designed to operate in conjunction with the TF89/CV6 core engine, thus
making up a full scala turbofan engine system.

r'xuzz 7

The different characteristics of the three fan designs are illustrated by Figures
8, 9, and 10. Two of the fans are relatively low tip speed. The third Is a low
aerodynamically loaded fan. Taken together, the three fan designs will span
a range of tip speed and aerodynamic loading. The effects of these parameters
(as they relate to blade passing frequency and broadband noise), therefore, will
be evaluated In Phase II along with other parameters such as blade number,
blade-vane ratio and blade-vane-spacing. In addition, the fan designs contain
acoustic treatment in the fan ducts enabling Phase II evaluation of the fans
with and without the acoustic treatment (Figure 11).
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FAN A B
DESIGN TIP SPEED, fps 1,100 1,100
DESIGN PRESSURE RATIO 1.5 1.5
BLADE/VANE RATIO 40/90 26/60
SHROUDS TIP NO

FAN C
DESIGN TIP SPEED,fps 1,550
DESIGN PRESSURE RATIO 1.6
BLADE/VANE RATIO 26/60
MID-SPAN SHROUD G67-1e9
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LOW SPEED
HIGH LOAD FANS (A&B)

HIGH SPEED
LOW LOAD FAN (C)

FANS A B C
DESIGN TIP SPEED, fps 1100 1100 15
DESIGN PRESSURE RATIO 1.5 1.5 1.6 .
BLADE/VANE RATIO 40/90 26/60 26/601
SHROUDS TIP NONE

G.32-10
6 9

FIGUME 10
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Concurrent with the full-scale fan design, the program plan calls for carrying
out a Comprehensive acoustic scale model fan design wherein unique noise re-
duction features are Incorporated. Among the noise reduction design features
(illusrated by Figure 12) are:

SUNSHROUDED
B & C FANS

U Uo .ooo
SERRATED
LEADING

EDGE

BLEE 
I

CASING BOUNDARY LAYER CONTROL
SLOTTED TIP

G70-108

FxGuRE 12

Serrated fan blade leading edges.
Slotted tip blades.
Casing boundary layer control, tip bleeding.

Other ideas that develop as the program proceeds can become additional
program options.

Phase I status

Design Completed:
Full Scale Fans A, B, and C.
Low Pressure Turbine (4 Stage for fan engine configurations A/B).
Low Pressure Turbine (2 Stage for fan engine configuration C).
Engine Configurations A, B, and C.
Acoustic Scale Model Test Vehicle.
Instalation Test Hardware for Fans A, B, and C Component Aero Tests.

Hardware Released for Procurement:
Full Scale Fan B-All
Full Scale Fan A-All Except 50% of Fan Rotor
Full Scale Fan C--W%
Acoustic Scale Model Fan B-All
Acoustic Scale Model Fan C--All

Texts In Process: Subsonic Wind Tunnel Apparatus Checkout Test for Leading
Edge Serrated Fan Blade Configuration

Experimental Quiet Engine Program Design Review: NASA/Lewis Phase I De-
sign Review, December 8, 9, 1969
Phase II of the program will include: the completion of procurement of the

full scale hardware; completion of procurement of the half scale model fan hard-
ware; aerodynamic and acoustic testing of the fans as components; and acoustic
testing of the turbofan engines.
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FIGURE 18

The three full scale fans will be first aerodynamically tested at General flec-
trie's full ecale fan test facility at Lynn, Mssachusetts (Figure 13). The fans
will then be delivered to NASA-Lewis for acoustical test In the Lewis Pan Test
Facility.

The fourth full scale fan will be designed, fabricated, and aerodynamically
tested In the Lynn facility.

In parallel with the full scale fan component aerodynamic and acoustic evalua-
tion at the NASA-Lewis, the noise design tip features will be evaluated In approx-
imately 50 percent scale model at the Peebles, Ohio far field acoustic test facility
(Figure 14).
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The final portion of the program will include the aero/acoustle evaluation of

three fuan scale fants installed on one of two experimental engines at General Elec-

tric's full scale, for field acoustic facility at Peebles, Ohio (Filgure 15). During

this evaluation program, It Is anticipated that several acoustic modifications will

be made to the fan configurations, based upon analysis and results from other

portions of the overall program. Extended duct acoustic treatment also will be

evaluated during this full scale test programi. Correlation of acoustic theory and

experimental data will be accomplished-.
A key factor In the program Is the use of the TFS/CF6 core engine. Use of the

fully-developed, proven TF39/CFB core will make possible the concentration of

development effort where It belongs--on fan noise reduction.. The proven core will

allow quick turn-arotinds and no disruption in testing activities, as might be en-

countered with an undeveloped core. It will also permit operation of the fans In a

realistic engine/nacelle environments. All of the factors of the Installed engine

noise spectrum, inlet, fan, turbo-machinery, exhaust, etc., Is thereby measured

and the need for other nacelle or engine treatment established.
Following the completion of all fan development and engine testing, one of the

test engines will be refurbished, packaged and shipped to the NASA-Lewis Re-

search Center for further testing and evaluation. The fan to be Installed on this

engine will be selected by the NASA Project Manager from the configurations
developed under this contract.

One additional benefit of the Quiet Engine Program, which should be of in-

terest to all, Is the preliminary design study of a flight design high bypass engine

which GE will conduct near the end of the program. This design study will in-

Corporate the promising noise reduction features developed and experimentally

evaluated in the Quiet Engine Program. These data will be supplied by NASA to

all engine manufacturers and should point the way to much quieter engines
in the future.
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V. Sul&=ED 0 1oiSE RMDUTMO P, R•AMS AT "NEEAL z,1XCTU

FAA Ion i•se •r( dction Program
The objectives of the 24-month General Electric cost shared program to be

concluded in July 1970, are to develop and verify advanced compressor/fan noise
prediction methods and to demonstrate noise prediction and reduction on fan
vehicles typical of modern design technology. The work is to be accomplished
In seven Interrelated phases.

In Phase 1, the relationships which define the fundamental noise generation
and transmission mechanisms have been identified and related to the character-
istics of acoustic wave motion. Prediction techniques which are based only on the
aerothermodynamic and geometric characteristics of fan/compressor turbo-
machinery have been developed. These techniques are based solely upon analytical
description of turbomachinery aerodynamics and, unlike all previous prediction
techniques, do not require empiricism of unrelated noise data to enable accurate
predictions.

Phase 2 has shown accurate prediction of noise data from six fahu/compressor
vehicles ranging in size fronm six Inches to 93 inches in diameter. Figures 16
and 17 show two of the large scale vehicles tested. The prediction method is highly
accurate, as shown by the test data on the TF39(GE1/6) development vehicle,
(Mgure 17).
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FIGURE 18
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Phase 8 will provide verification of the predietion techniques on a late model
advanced supersonic tip speed, high bypass ratio, fan vehicle. The data from this
vehicle have already been taken.

Phase 4 is an analytical phase which is extending the basic prediction technique
to allow evaluation of specific design parameters on fan noise, This phase will
enable accurate trade-off studies to be made considering the effects of blade-vane
spacing, numbers of blades and vanes, tip speed, blade wake control, and inlet
choking.

Phases 5 and 6 involve a series of experiments designed to demonstrate the
accuracy of the prediction technique on key fan design parameters and specific
noise reduction techniques which can be accomplished within basic fan design
parameters.

Tests have already been completed which demonstrate the effectiveness of
the prediction technique in accurately forecasting the measured noise level
Improvements which can be achieved by proper selection of vane and blade
numbers in a modern fan vehicle. Other tests to be run include evaluation
of such parameters as; vane-rotor blade spacing, blade loading, inlet guide
vane Incidence angle, blade wage control, swept rotors, refraction of sound
through fan discharge exhausts, and the wave cancellation/reinforcement phe-
nomena associated with propagation of acoustic waves from a fan. In addition,
an extensive test program is being conducted on a two-dimensional cascade
to derive the wake vortex characteristics which control the white noise gen-
erated by rotating fan stages.

Phase 7 will exercise the prediction technique on a series of turbojet and
turbofans, not previously tested in the program. The additional correlations
will be performed to provide assurance that the prediction technique is compre-
hensive and can accurately be applied to a wide variety of fan designs and sizes.

When completed, the program will enable the engine designer to more accu-
rately assess parameter trade-offs in the design phase of a new engine.

NASA LUft Fan Noise Research
The following progm- summaries are based on funded programs by NASA

to further research in lowering of noise levels In high bypass lift fan systems
for STOL and V/STOL commercial transports

1. Lift Pn Noise Redtct"o. Studkea.-A nine-month program was conducted
to evaluate noise reduction methods in terms of their effects on lift fan design.
Two lift fans were used as design points. These fans were analytically modified
to study acoustic reduction by trade-offs in fan pressure ratio, tip speed, rotor-
stator spacing, number of blades and vanes and the use of various types of
acoustic materials.

The basepoint fan has a 500 feet sideline noise of 119 PndB. The quiet version
of this fan has a 500 feet sideline noise of only 99 PNdB, a reduction of 20 PNdB.
The fan lift is unchanged. The fan diameter is increased by one inch, the fan
weight Is Increased by 17%, and the fan thickness is increased by three inches.

2. Ii e Pan A d B (LF336 A d B) Noise Measurement Program-Nolse meas-
urements were taken on Lift Fan A (.25 chords spacing). (Figures 18, 19, and
20), and the Lift Fan B (2 chords spacing). Noise predictions were made prior to
the test.

The predicted and measured noise levels agreed and thus substantiated ana-
lytical noise prediction techniques. The change In spacing decreased 500 feet side-
line noise by 7 PNdB, (Figure 21).

3 Lift Fan ( (LFS36C) Noie Mea•uremmt Program.-Hardware is now in
manufacture with tests to begin December 1960. The program will investigate
effects of vane configuration, vane number, spacing, acoustic exhaust duct treat-
ment, and acoustic treated exit louvers, (Figure 22). Noise predictions for each
configuration have been made prior to test.

Noise estimates predict a 14 PNdB reduction will be demonstrated at the 500
feet sideline between the configuratlons A & C Lift Fans Tests will substantiate
this reduction by March 1970. Additional reductions could be obtained by blade
number increase and by additional acoustic treatment beyond the Lift Fan C
test configuration.

4. Advanced Lift PFan Acoustic DesMig-The preliminary lift fan configuration
for a future STOL end V/STOL transport demonstration will have 90 blades, high
vane/blade ratio, 2 chords axial spacing, and will incorporate acoustic exhaust
duct treatment and acoustic treated exit louvers
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ACOUSTIC ACOUSTICTEST NO. VANES PACING TREATMENT LOUVERS
1 45 1 NO NO
2 90 1 NO NO
3 90/45 1 NO NO
4 90/LEAN I NO NO
S BEST I YES NO
6 90/LEAN 5 NO NO
7 90 2 NO NO
S BEST 2 YES NO
9 BEST I YES YES

Wrosuz 22

Prellminary design studies will be conducted to evaluate the noise level of the
selected cnirtion, and to evaluate the use of an additional acoustic duct
splitter in the exhaust and Inlet. Lift Fan C test results will be factored intothe final fan configuration prior to start of detail design.

Basic analytical and experimental research on jet noise and fan noise is carried
out at the Schenectady Research and Development Center, including programs
sponsored by NASA Headquarters in Washington. This effort alms at detailed
understanding of mechanisms of noise generation, transmission and suppression,
so that resulting technology can be used in Improving design methods of noise
control Extensive acoustic test facilities have been developed, including the
FAA-sponsored Scale Model Freon Compressor Facility, an electronic simulator
for fan noise transmission and a hydraulic simulator for fan rotor blade-stator
vane interaction noise.

To carry out engine noise reduction design effort effectively, one must first
provide The engine designer with adequate "yardsticks" by which the low noise
engine des.gns can be measured, as the designs are conceived. To develop such
"Yardsticks" involves the recording of noises as they are heard by people at
ground level under the flight paths of aircraft, and subsequently subjecting
groups of people to these noises to determine their psychoacoustic response (sub-Jective rating), (Figure 22).

For the past several years, General Electric has carried out a substantial
flyover noise program, recording noises, for example, from such aircraft as
the Convair 880, Convair 990, Falcon Fanjet, Boeing 707 and 727, BACill,
Douglas DC8, and the Lockheed C-5. This type of fly-by testing provides in-formation that enables the designer to predict more accurately flyover noise
from Initial static ground tests of engines during the early engine developmentphase. In addition, such measurements for new aircraft can be compared di-
rectly with those of current day aircraft. For example, flyover measurements
of the C-5 indicated this aircraft to be about the same noise level as the current
commercial Boeing 707, even though the C-Z is approximately twice the gross
weight with twice the thrust.

General Electric's psychoacoustic noise evaluation program is carried out at
the Schenectady Research and Development Center. This program is designed
to understand better what types of noises are more annoying to people and
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subsequently to develop better rating scales ("yardstocks") to be used by the
acoustic design engineers. Included as some of the variables in the subjective
uolses that are evaluated by groups of people are: pure tone content, multiple
pure tone content, time duration of noise and number of exposures.

VI. BRCOMMENDED ADDITIONAL NOISE REDUCTION RESEARCH AND DEVELOPMENT

A primary objective of the current experimental quiet engine program is the
identification of means for significant noise reduction for the fan of the high
bypass fanjet engine. This noise reduction, coupled with low core engine jet
velocities should provide for a 15 to 20 PNdB reduction in noise as compared
to comparable, current commercial engines At this level, noise from other
engine sources such as the compressor and turbine will begin to be heard.
Attention will have to be directed to these sources if further overall noise
reduction is to be achieved. Two alternative noise reduction approaches might
then be pursued-either the reduction of compressor and turbine noise by
design (as has been accomplished to a substantial degree with the fan) or the
development of acoustic treatment adequate to withstand the hot section environ-
tuient of compressor and turbine exhausts. In the final analysis, both approaches
may be necessary.

Although significant progress has been made in fan noise reduction, much of
the progress has been made on -the basis of observation and empirical correlation
of test results. Additional research and development is needed to determine the
cause of noise generation in fans, compressors and turbines, so that further
reduction in noise from these components can be achieved. In addition, further
work should be done to understand the transmission of noise from the source to
the surroundings, and to develop noise control techniques to further reduce the
levels transmitted.

Acoustic treatment research and development to date has concentrated on
specific application to high bypass ratio fanjet enghi such as the CIM for the
DC-10 aircraft, or on investigation of low bypass ratio fanjet engines of today's
fleet of DC-8 and 707 aircraft. Generalized investigations of high bypass ratio
fanJet engine treatment are required. Improvement and acoustic treatment for the
cold section environment of fan and compressor must be obtained, leading to more

88-681 O-70----15
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lMumatd 0 t •fa 410d Me i(sVe Jet r•ative air velocities will establish a noise
levl tha wil be dtIeult to lower. Much additimal remsach and development is
reUqUrd Om Jet ash., and, In Particular, low velocity Jet noise such an present in
hig bViM ratio fanJet engines and forecast for future short takeoff and landing
ai rft omedertaly more I:040t into th exact nature and mechanisms of jetnoise generation Is required in order to lead to effective means of jet noise control

At the present time, the main noise measurement scales used are Perceived
Noise Decibels and Effective Perceived Noise Decibels, including the effects of
noise duration and pure tone noise. There Is not adequate agreement among the
various agencies and industry as to what a good and sufficent rating scale for
aircraft noise Is In terms of measuring subjective response. As short takeoff and
landing aircraft become operational, improved noise scales will be required to
account for effsets ot metroport background noise and to Improve the present
scales for application to the widely different noise signatures of these aircraft,
which follow ft different operational paths, higher installed engine power and
variety of noise sources Much additional work in the subjective noise area must
be carried out to provide the engine designers with appropriate "yardsticks" to
evaluate their designs and to give guidance for proper land use planning by air-
port proprietors and municiaUties.

Mr. Gmtay. All right. We have been producing jet engines in the
General Electric Co. since 1942, and we have, in addition to our mili-
tary engines, if I may abridge the written testimony, also produced
commercial engines for the Convair 990 and the Convair 880 transports.

And it wws with these engines in the middle and late 1950's that
we began our work in jet engine noise. We have in the course of
developing this work in engine noise reduction, put in place through-
out the country a large number of facilities, and the chart that is on
the wall up there shows these facilities (fig. 1).

The facilities include research and development equipment.
Mr. HECHLM We can't see the chart very well. It is one of these

old problems. We can get to the moon very easily, but can't project
a chart clearly onto a screen.

Mr. GAm-y. We have a chart (fig. 2) of the statement. Beginning
up there in the upper left-hand corner; this is a basic research device
we have at our Research and Development Center in Schenectady
which is involved in the basic understanding of the noise generation
and transmission mechanisms.

The facility in the upper right is our Far-Field acoustic test facility
in Peebles, Ohio, where we actually measure noise with engines stat-
ically mounted in the facility. The picture of the C-5 in the middle
is an indication of some of the flyover noise work that we have done
at a number of airports.

We have done flyover noise tests on a large number of different
kinds of aircraft, with the intent of establishing the relative noise
level of different aircraft, the effect of different terrain patterns and
what have you.

We also do work in acoustic treatment as shown in the lower left-
hand side. At Edwards Air Force Base we also have a noise test
facility. With this in mind, and recognizing the work we have done
in setting up to do noise reduction work, we recognized as we went
into the era of the new jet engines for the DC-10 and other of the
so-called trijets and jumbo jets that we would be building engineb
which had substantially higher thrust levels and, therefore, if iioting
was done the noise level would go up.
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So, with this in mind, and recognizing this, we began work,
actual major work, on reducing the noise of these new engines. The
new engines inherently have somewhat lower noise. The earlier
engines had high jet noise, and as we increased the bypass ratio, that
is the amount of air blown by the fan compared to the basic engine,
we began to develop engines in which some 80 percent of the thrust
was developed in the fan and only about 20 percent in the main
engine as had been in earlier jets.
* With this in mind, we actually developed our new commercial
jumbo jet engines from the start with the idea of reducing the noise
level generated by these engines, even through they were twice as
large as the present day engines in thrust. The object was to make a
substantial reduction in the noise level of the engine.

Now, to do this, the engines were substantially redesigned and the
inlets and exhaust systems were treated with acoustic noise reduction
material (fig 3 and 4). This chart shows the various kinds of design
features that are built into the engines which will go into service
with this next generation of aircraft.

For example, to reduce the pure tones, the discrete fan whine fre-
quencies, we went to fewer fan blades and eliminated the inlet guide
vanes which had caused wakes to go into the fan and had been a noise
generating mechanism

We reduced the number of the rotor blades and increased the
number of outlet guide vanes. In other words, we have better than
a to 1 ratio of b1des to vanes; this had been shown to reduce the
perceived noise of the engine. We also spaced the guide vanes away
from the rotor, and then we put in acoustic treatment.

Acoustic treatment is very much like ceiling tile in principle, in
that there are perforated sheets with acoustically designed core areas
that reduce the noise of the engine. So this is a brief background, I
would like to play a sound tape which runs about 4 minutes. It shows
the-or gives you audible evidence of the work that has been done
between the aircraft that are in service today and the aircraft that
will enter service, such as the DC-10.

(Sound tape played.)
Mr. GA=Yr. hank you very much. This is a brief background of

the work that has been done up to date and leads into the discussion
of the NASA quiet e program, which is aimed at further re-
ductions in noise beyond that achieved so far for our jumbo jet
aircraft.

General Electric's portion of the NASA experimental quiet engine
program is a fan noise reduction research program. I emphasize
the fan noise reduction. It is a technolojgy program,.not a power
plant development per se, but it will obviousl have significant im-
plications for further turbofan powerplants. It is anticipated that
this program will produce noise reduction 15 to 20 perceived noise
decibels below aircraft currently in service.

The program will cover a timespan of 38 months and be completed
by the fall of 1972. The first phase of the program is the design phase,
and this is nearing completion. This phase is on schedule for com-
p lotion this month, December 1969. Phase II is optional and involves
fabrication and test.

Mr. HzcHm I don't understand what you mean by optional.
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Mr. GA=ZY. It has not been fu]ly released at this time. In other
words, NASA is funding the program in phases, phase 1 program,
PhM. What is the option, though I

Mr. 3Ama. The option is to continue with it, pending acceptance ofthe deffions f or fabrication.

kr. KzoWmmL There is some doubt, then I
Mr. GAUMY. No. It is just, I mean, the object was to be sure we were

on schedule, in both technical and financial areas and then continue on.
Mr. Hacma. Yes
Mr. GAmcr. The important technical objectives of this program are

illustrated in this slide (fig. 5). We are to evaluate both low-speed high-
loaded fans, the speed is the speed of the blade at the tip, and high-
speed low-loaded fans. The object is to establish the relationship of fan
d"esign features on noise generation and then to test these fans with
both acoustic treatment and without acoustic treatment, with the goal
of relating acoustic theory and actual test data.

Mr. HzcmaL. Your chart says "low-speed" and you say "high-
spee-d."

Mr. GQmy. Well, low speed is one group of fans, and this has the
tips moving at relatively low speeds but there are actually three fans.
Two fans are low speed, with high loading. The third fan is a very high
tip speed, and it has low aerodynamic loading per blade.

Next one, slide please (fig. 6).
The object of this some of our testing has shown that although

the lower-speed fans hiave a lower broad-band noise, that is a general
lower noise level, they have very high levels of discrete frequencies
and therefore create more human annoyance, and our tests have shown
that higher speed fans have a little bit higher base line noise but less of
these discrete frequencies and therefore produce less annoying noise.

Now, the object of the program is to evaluate these two types of
approach, to see where the proper design balance lies between these two
levels (figs 7, and 9). Specifically, we are to design three fans at the
outset, all of which have, when installed on a CF-6 core engine, a by-
pass ratio of five.

The three fans have no inlet guide vanes (fig. 10). They have the
outlet guide vanes spaced two chord widths-that is the width of the
blade back downstream from the blade itself, and they have outlet
guide vanes. These are the blades that direct the flow from the fan into
the exhaust nozzle spacing of two to one, which is twice the chord
width back of the fan.

They have relatively low discharge velocities. The fan discharge
velocity is about 900 feet per second and the core, the main engine
exhaust nozzle, has a velocity of 1,275 feet per second. As I said, we
have designed the rig so they can be tested either with sound suppres-
sion material or without, to determine how much of the reduction is
from the fan desi'n itself, and then how much further reduction we
can get with sound-suppression material (fig. 11).

Mr. GOi WATZ. Bypass ratio of five; why do you use that significantratio?
Mr. GAmr. Well, that is typical of these high bypass ratio machines.

They range in the five to six and a half regime, and we use this
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because it represents a fan size which could have potential applicationin a~bout a 25,000-pound-thrust engine, and we are using our CF-6 coreenin e.
n i permits us to use an existing engine for testing purposes with

the fan on the engine, and that size fan with that engine is approxi-
mately five and that is representative of the kinds of engines that are
forecast for the future aircraft.

Mr. GOLDWATmE This would be up to 50,000-pound thrust engines?
Mr. Guuty. Yes, it could be. It would be-the present engines range

from, I guess about 51/ to 61/g, so this is representative, and results in
a reasonable cost program using existing equipment to the maximum
possible extent. It permits us to concentrate on the noise research rather
than on developing new engines for the progm.

Mr. GOLOWAT=. Could that fact by itself involve any noise factor ?
Mr. GA=Y. You mean the engines?
Mr. GOLDWATER. Just the ratio.
Mr. GARmY. Yes, it can, but we can treat it analytically to scale it

up and down to other bypass ratios.
Specifically, we are to build three fans, the first, two of the fans,

as I said, are low tip speed fans. They are about 73 inches in diameter
and they are driven by a four-stage turbine. The higher tip speed fan
produces about the same amount of airflow in slightly smaller diameter
which would be advantageous, assuming the noise levels are com-
parable, in that it would reduce the size of the nacelle and therefore
the drag of the aircraft.

It could also be powered by a smaller number of turbine stages which
is a weight advantage and at a comparable weight would allow us
to put more sound suppression material in. Of the fans that we are
building, there are two 1,100-foot-per-second fans with a design pres-
sure ratio of one and a half. One of the fans has 40 fan blades, rather
narrow blades, with a tip shroud for mechanical purposes (fig. 12).

The second fan has 26 blades. You know that the ratio of the vanes
to the blades is somewhat greater t': an 2. And the third fan, the high
tip speed fan, has a 1,550-feet-per-second tip speed, a slightly higher
pressure ratio, but it has the same number of blades and vanes as
fan B, so that a direct comparison can be made between the two,
between the low-speed and the high-speed fan.

This gives-yes.
Mr. GoaDWATrM. On No. C (see fig. 9) then, the size of your fan

is smaller.
Mr. GAinY. Slightly smaller but it has about the same airflow and

would produce the same thrust.
Now? in addition to the fan mechanical design, there are aero-

dynamic features to be tested. We are also going to be testing with
different amounts of acoustic material. This is the sound suppression
material in various locations and in various amounts in the inlet to
the fan and in the exhaust, both the outside shell of the exhaust system
and on the inside shell of the exhaust system.

In addition to these three fans, we will test some other ideas in
scale model for further reductions in noise. First we will build the
scale model, it is approximately half the size of the full-scale fans, and
we will test it with fundamentally scale models of the B and C fans.

That is just to give us a model data base point, and then we will
try these new ideas that have been predicted to give lower noise, ser-
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rated leading edge which breaks up the boundary Ia er, which improves
the flow over the blade and therefore creates less disturbance and po-
tentially lees noise.

Also slotted tip blades will be compared to the regular standard
blade shapes. We will look at boundary layer bleed control, that is
sucking -r off the tip of the blade, to reduce the disturbance at the
tip of the blade.

Now, from the results of the three basic fans, and from the results
of this scale model test data, we will build a fourth fan, which will
incorporate the best features resulting from the three full-scale fans
and various scale model tests. We will build that in a full-scale fan.

As I said, we are currently in the design phase of the program.
We have released material in this phase for the manufacture of some
of these parts. We are right now releasing the drawings. At this time
we are finishing checking the drawings. We will release the drawings
for the various parts this month, so that they can be fabricated into
final shape. The program is essentially on schedule at this minute,
and a little bit ahead in some instances.

Now, having fabricated the fans we will begin testing in 1970 the
various fans and models that we have built. The first part of the
test involves tI, General Electric full-scale compressor test facility in
Lynn, Mass. (fig. 13). This is a facility in which the fans will be
installed anC tested for their aerodynamic performance. That is, the
airflow, the performance, the efficiency of the fan, its aerodynamic
suitability.

We will also test it with distortion and other factors which have to be
considered in the design of real fans. So each of the three fans will
be tested in this facility for their fundamental aerodynamic
thermodynamic capability.

The fans will then be sent to NASA, and will be acoustically tested
at the NASA Acoustic Test Facility at Cleveland, Ohio, so we will
first begin by doing aerodynamic tests of the fans, then send the fans
to NASA for acoustic tests.

The scale model fans (fig. 14), approximately half scale, with these
various serrated edges and what have you, will be tested in this scale
model test rig at General Electric's Peebles, Ohio, test facility. This
is a scale model rig in which the fan alone, as a component, is tested,
driven by a sound-enshrouded gas turbine engine, so that we can
measure the actual sound generated by these scale models.

Having completed the acoustic test of the fan by itself at the NASA
laboratory, NASA will send the fans back to General Eiectric, and we
will install these fans on a full-scale core CF-6 engine (fig. 15).

Now, here we begin to take the fan and include it into the total
engine. We will have the four-stage turbine driving the low-speed
fan, the two-stage turbine driving the high tip speed fan.

We will have representative aircraft inlets, both thick lip and
thin lip, as has been projected by the various airplane manufacturers.
We install this engine in our facility at the approximate height that
such engine would be on the wing of the airplane, and then we measure
the noise generated by this ful[ aircraft type system at our acoustic
test site.

We run the engine and, therefore, we now have a complete knowl-
edge of the noise level of this fan-type engine in its entirety, the inlet,
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the fan, and the turbine and all of the features. We will test the
three fans, the two low-speed and one high tip speed fan on this rig.

That is the conclusion of my statement on the quiet engine program.
We will, in addition to this, as I mentioned, build a fourth fan which
includes the best features that are forthcoming from these three fans.
We will test that fan in the aerodynamic test facility and then build it
up on the engine and deliver it to NASA for future tests.

This is the presently described scope of the program. And, with
your permission, I thought I would talk briefly about two other related
fan noise programs that we have under Government sponsorship. The
first of these is a program sponsored by the FAA, which is a fan noise
prediction program. In this particular program, we are asked to gener-
ate mathematical models of various fan systems, and then predict--
establish a mathematical computer program which predicts--the noise
that would be generated by such a piece of equipment and then com-
pare the mathematical prediction with the actual results obtained on
a number of engines, to which the program has been aplied.

This particular slide (fig. 16) shows our engine, which is the engine
in the Convair 990 airplane. We will also compare the predicted noise
with the actual noise measured on a TF-39? the C-5A engine, a busi-
ness jet engine, our CF-6, and in several versions.

This happens to be the TF-39 scale model engine, so we will get
scaling data on engines essentially the same in different sizes, and with
different types of fan configurations. From these data that we gener-
ate in these tests, we will be able to further improve the mathematical
model and, therefore, give the design engineers a better too] with which
to predict the noise that would be generated by such machinery during
the design process, get a better mathematical or analytical understand-
ing to reduce the trial and error in the development of future engines.
We are about two-thirds of the way along into the program which will
finish up in July of next year.

This slide (fig. 17) shows the first correlation effort. The dotted
line shows the prediction that we made, using our first mathematical
model of the noise that would be generated by the TF-39 scale model
engine versus the speed or the power output of the engine. That is
the dotted line. The red dots show the spread of data actually ob-
tained for this engine, which says that we have been able, with
this first cut at a mathematical prediction, to indicate the noise level
generated by the fan within about a 5 db spread. Now, what we are
trying to do is improve the accuracy of that prediction, and get a
better model; we believe as we iraprove the model, compare it to data,
we will get a better understanding of all the parameters involved.
We are making significant progress here.

We have one otler program, Government-sponsored, by NASA, and
this is the prediction of noise in a lift fan which is one type of vertical
takeoff, or short vehicle.

Figure 18 is a cross-sectional view of a tip turbine driven lift fan,
which is a lifting device. It has a turbine out on the tips of the high
flow fan blade. What we have been doing here is .testin' this type of
device and then varying the design characteristics of it to establish
the effect of these changes in design on the noise generated. ,

For example, the spacing be&ween the blades and the outlet guide
vanes was increased (as shown in this view, about 0.25) to a factor

Im. um mmm
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slightly greater than 2-next slide, please-this shows how we do this.
We mount the fan to be measured vertically and then measure at

a 250-foot radius the noise generated by the fan with different con-
figrations ( 19).

This slide (fig. 20) shows the full fan mounted up at Edwards Air
Force Baae It has an engine with acoustically treated inlet to reduce
the noise of the engine driving the fan, and then we measure with
microphones the actual perceived noise generated by the fan.

We have made one test so far in which we have increased the cord
i from 0.25 to 2, and as you can see here, we have obtained

S7 PNdB reduction in noise (fig. 21). We have nine tests be-
"ginn•g in December (NASA-sponsored) (fig. 22) with variations

in the geometry and acoustic treatment in this fan.
I won't bother to go through each one of them but essentially it

involves changing the blade, the vane ratios and doing other things
which we have done with our conventional engine in an effort to re-
duce the noise. We believe that this will produce about a 14 PNdB
reduction in noise which would bring us down to about 110 PNdB, and
then further changes in blade numbers, and further acoustic treat-
ment would further reduce the noise.

In addition to these basic engine development kinds of tests and re-
search kinds of tests, we have been working in our research and de-
velopment laboratory trying to improve our ability to relate measured
noise, as we measure it by instruments, to human reaction to the noise.
We do this by putting witnesses in a soundproof room and then play-
ing various noise spectrums, different frequency levels, different in-
tensities, different durations to these various witnesses and then try to
relate their response to the measurements that we would make for
these kinds of noise.

And, as you can see here (fig. 23), beginning with a fairly poor cor-
relation at the top we have begun to gradually improve the prediction
from the predicted response to the actual response into a range of some-
what less than 5 PNdB. So, we are making attacks on this noise problem
on all fronts, both in terms of better understanding of human response,
better understanding of the basic noise-generating mechanisms, and
in understanding how the design parameters affect noise.

Mr. Go~wATzR. I wonder if you could be more precise in this. Is
this program telling you what the human will tolerate? Or what, in
effect, he considers uncomfortable?

Mr. Gmuty. What he considers uncomfortable and how to relate,
how to get-what are the things that annoy people, and how to measure,
how to quantify those annoyances, and then relate them more precisely
to the way we measure. We measure with microphones, and they just
give us a pure scientific number.

What we are trying to do is to see how these different frequencies,
for example a particular frequency, how does that annoy people, so
that when we put toether a noise spectrum, we can create a less annoy-
ing spectrum. And t en we are trying to find out how the characteris-
tic of that noise spectrum does bother people, and then get a correla-
tion.

Mr. GOL~wATm. Does he tell you it is annoying him?
Mr. GAmty. Yes, that is right. In other words, from his response

and the input as to what annoyed him, what annoyed him most, we can
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establish which frequencies, what duration of that frequency, and
what have you, relates to human annoyance, and then, as we design
engines, we now begin to design such that those frequencies are either
not generated or are suppressed.

Mr. GOLDWATm. You take a sample, I assume.
Mr. GARRY. Fes; a very large sample, because human response to

noise varies over quite a broad band.
Mr. H-I HLmE.I would think you would get a tremendous variance.
Mr. GARRY. That is exactly right.
Mr. HEcHLER. If you had your people, say, the stolid stable man

who had served in the Air Force during the war and was always proud
of those planes, if he listens to noise he doesn't hear very much. But
the nervous housewife who maybe has been subjected to some tensions
of various types, or a man who has a very acute sense of hearing-

Mr. GARRY. Well, in selecting witnesses we try to get the broadest
possible type, number of types, so that we relate this to many, many
people. It is quite a difficult thing and it takes a lot of witnesses, a lot
of work and it just is a work we are doing. NASA, as you know, has
requested facilities for similar kinds of testing, and this is a field
which I think needs a lot more activity, particularly as we start to
try to relate duration as well as tones and intensity.

This puts another dimension on the problem of measuring human
annoyance. As you know, on the C-5A, the level is high-as we meas-
ure it with instruments the noise level is essentially the same as exist-
ing aircraft-the apparent reaction of people to it is that it is quieter,
primarily because the noise intensity peak is of shorter duration.
It is a very involved psychoacoustic phenomenon we are dealing with,
and as you say people vary so we try to get the broadest possible
sample, to get us the best possible information on the types of things
which cause the greatest average annoyance.

Mr. GOLDWATE. In your testing, did you find that the human is
more tolerant perhaps than what has been assumed by alarmed cit-
izens?

Mr. GARRY. I really-I am really not that much of an authority on
psychoacoustics. I think we are finding that some of the noise levels,
which we measure, are less annoying to people than we would have
thought, but that even some lower noise levels are more annoying,
depending upon the particular frequency of the noise generated.

Mr. GOLDWATER. Not to diminish its importance, but oftentimes
someone attracts attention to a problem that wasn't really a problem
until someone mentioned it. One might not have big feet until some-
one mentioned it and then it becomes a dynamic problem.

Mr. GARRY. We find a relationship between the number of reports
of noise annoyance and the time of day, dark and light, whether or
not someone expected the noise. A person who looks up and sees the
airplane is less annoyed by it than somebody that finds something
flying overhead when he wasn't expecting it.

It is a very complex phenomenon. But we are trying to get better
understanding, for only through understanding of it can we relate
what we do to the reaction of people. And this is a complex field and
many people are working on it.

Mr. GOLDWATFR. You are trying to establish a standard by which
to judge your work ?
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Mr. GARRY. That is right. We have to design to some standard which
is measurable in a quantitative sense and then try to relate that to
human reaction. It is quite a difficult thing, but much work is going
on, by ourselves and other manufacturers and NASA, and private
consulting firms.

I would like to end up here with some basic thoughts on additional
R. & D. that might be needed. We believe that a better understanding
is needed of the basic noise generating mechanisms within the engine.
We have a rudimentary understanding, but we have to do more wore.
in this field to get a more precise understanding, so that we can re-
late it to design parameters.

The work we are doing for the FAA in predicting techniques is
work in that direction, but we are doing some work (and others are
doing similar work) in understanding the basic disturbances in flow
which create noise. It is a difficult thing to do.

The noise of an engine in today's aircraft, for example, the engines
in service, or the TF-39, for example, the total noise energy is some-
thing on the order of 31,000 watts, and that engine is capable of pro-
duclxg an energy level of about 25,000 kilowatts.

The CF-i is about 5,000 watts. So we are talking about 5,000 watts
in the 25,000 hi'j-watt energy field, so we are talking about 1/50oo,
roughly, of the total energy developed, so we are looking for the pro-
verbial needle in the haystack. But we do need more research in the
noise generating mechanisms.

As we quiet fans, for example, we find noises generated in the ma-
chinery becoming predominant; in the TF-39 the fan noise was pre-
dominant. As we reduce the fan noise then we begin to reach new
thresholds of noise that have to be suppressed, the noise generated in
the machinery itself, the noise generated in the jetstream. The original
engines had high velocity jetstreams and suppression of that jet
noise was somewhat more readily accomplished than today. As the
noise goes down in the jetstream we are working with smaller amounts
of energy and we need more knowledge of the specifics of the noise-
generating mechanism, and new ideas on how to suppress it.

We need more work in acoustic treatment. A lot of work has been
done in this area. But as we improve fan noise, my view is we will find
ourselves needing acoustic treatment not only in the colder areas of
the engine but in the hot areas which means new materials must be
developed.And again, as I mentioned before and discussed the better under-

standing, more thorough understanding of the p.vchoacoustics of this
noise, how do people react to different noises. This is a field which
will require greater and greater attention.

After we reduce the noise as we have for this next generation of
aircraft, then the problem, then we are working with a smaller piece
of the problem and more work is needed for better understanding.

Thank you, sir.
Mr. HEWHLxR. Thank you, Mr. Garry. In looking at this from the

contractor's side, what could or should NASA be doing in order to
place more emphasis on this area?

Mr. GARRY. I know NASA is doing work at the basic generating
mechanisms. How are disturbances generated by airfoils, for example.
I believe that this work can be extended and must be, as we learn
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new things. Right at the minute, the quiet engine program, and the
fans that are being developed, I am sure will generate new ideas.

As we test these things, new ideas will grow out of this work, and
these have to be looked at very carefully and then further expanded.
It is hard to predict precisely what should be done but certainly in
the general sense of noise-generating mechanisms, of the interreaction
of aerodynamic performance and noise generation, more work has
to be done, more work in generating more precise mathemiatical and
analytical understanding of flow disturbances and how to treat them.

In the jet field in particular I believe we need to do more work.
We have been concentrating on the fan noise problem, and I believe
as we begin to get a better and better handle on that then we will
need more work in the jet field.

Mr. 7EIGHLXR. Several witnesses have rather perceptively observed,
I think, that this was not considered to be a problem several years ago.
I think it is a little bit deeper, as Mr. Goldwater mentioned, than just
some people saying that there is a problem there before we decided it
was a problem.

In our society the economic incentives are all against the person
who is on the receiving end of air pollution or water pollution or noise.
What gets you starte on something like this? Is it simply the dan-
gling of a noise contract by NASA?

Mr. Gmmy. No. We have been working with increasing emphasis.
As I said, when we began our CF-6 engine, as we began to build bigger
engines, we recognized that the public just wouldn't accept hi2her
noise levels as engines become bigger, they just--I mean, theyhad
reached a threshold of noise and we had to not only at least meet that
standard with the newer larger engines but we had to make substan-
tial improvement if we were to have a salable product, if we were to
meet our responsibility to the public.

And we have actually increased our effort in this area by something
like 20 times in the past 5 years. Now, one of the problems is when
you begin with a field in which there isn't a great amount of technology,
you can only expand that technology at a rate consistent with human
imagination and intelligence.

So this is what we have been trying to do. We have been increasing
the effort. Noise is one factor in the new engine design, smoke has
been another one. We have addressed it, we have recognized it as a
public problem, and we have eliminated the smoke trails in our future
engines.

So both noise and smoke were considered by the engine manufac-
turers, by the airlines, as major areas in which work had to be done
to maintain public acceptability. And this was a very definite stimulus,
as well as NASA's stimulus and other governmental agencies, the FAA
and the airlines.

Mr. HxcHL=x. What about the foreign airplanes that are used by
airlines? Would you be able to apply the results of your work to this?

Mr. GARRY. Well, Rolls-Royce in particular has had a very active
noise reduction program for many years. Many of the original ideas
in the jet-noise suppression were generated in Great Britain, and our
competitive intelligence indicates that the Rolls-Royce engines which
will go into the Lockheed aircraft have been similarly treated and sim-
ilarly handled to maintain a similar kind of a noise level.
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Mr. HzcEL To me the most disturbing engine is on the Japanese
plane that is used by Piedmont Airlines.

Mr. GARRY. Oh, yes. Well, this is an example of how a very sharp-
itched frequency, although the absolute level of noise may not be
yond a certain threshold, a particular discrete frequency can be

very, very annoying.
Mr. HxCmz. Mr. Goldwater.
Mr. GowAm t. I would like to ask you a question. Perhaps this is

not an area in which you are involved but one reason, other than per-
haps a status symbol that I enjoy driving in a large automobile is
because I can roll upte windows and cut out the noise.

Mr. GAmY. Yes.
Mr. GOLDWATER. Of trucks and buses and what have you. In this

world we live in, we have an environment full of noise. Of course the jet
engines are only a very small part of it. Has your company at all
tried to, or thought about using the technology that they are develop-
ing to suppress engines noise, in your testing and evaluation of the
tolerance of the human being, to contribute to the overall environment
of our lives in general I Machinery, buses, working conditions, office
conditions ? Maybe that is completely fn-

Mr. GARRY. I can't give you a specific example, but our research
and development laboratory at Schenectady is a focal point for tech-
nology within the General Electric Co. The folks up there are very
much aware of what we are doing, they are doing a lot of work for
us, particularly in the realm of basic research in the mathematics and
the fundamental physical nature of noise generation, and this subjec-
tive noise work is also being done up there, in fact by a man who is an
authority on radio noise, tone quality, and what have you, so some of
the work is undoubtedly moving into other elements of the company.

Mr. GOLDWATm. Is this under the general contract that you have
with NASAV

Mr. GARRY. No, it is not. It is a natural spillover since the people
who are involved working with us on this are in direct contact with
other portions of the General Electric Co.

Mr. GOLDWATER. From a profit standpoint this might be a lucrative
field of endeavor. I don't have too many other questions. I just won-
dered, are there noise characteristics that are inherent in certain types
of material; for instance, I think you used some sort of titanium;
don't you?

Mr. GAmRT. Yes.
Mr. GoLDwATmPR Is there any noise inherent in that material itsclf ?
Mr. GARRY. Well, we don't really have any good quantitative cor-

relating data. However, the fan, one of the fans that I mentioned up
there, the fan B, which has wide blades, one of the objectives of mak-
ing the blades that wide was the possibility of using epoxy-graphite
composite material. This fan would be directly amenable to manufac-
turing of epoxy-graphite and this would be a* nonmetallic. We would
like, sometime, to try such a nonmetallic in the hope that maybe it
produces lower noise.

Mr. GoLDWAT•E. I tihink there is so much research being done in this
ritht now; isn't there?

Mr. GAMRY. Yes: there is.
Mr. GOLDwATER. Is it being done over in England?
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Mr. GAMY. The British have done very much work in the field of
.couposite& We are also building blades of composite material and

aircraft structures are being built of composite& So this probably is
a major new industry in the next few years.

Mr. GowWAT=m. As I understand it, as far as the jetstream is con-
cerned there is not too much you can really do about that. Is that
what you found I

Mr. GARRY. Well, we have reduced it to the point where it is not-
it does not establish the maximum noise annoyance level. We are
moving down to the point as we reduce fan noise, where it may very
well become the noise--a new threshold of noise, and we are working in
this field very extensively now.

Mr. HIzcimi I don't quite understand what you last said, when
you said you are working in this field. Does that mean you are simply
trying to establish where the sound comes from or are you trying to do
something about it ?

Mr. GARRy. We are doing both. We are doing basic work in trying to
establish just how the noise is generated by jet fields, and we are also
working on a wide variety of ideas on suppressors which would reduce
that noise.

Mr. HzcnLm. You are convinced, though, that that is not the real
source I

Mr. GARRY. Not at this minute with turbofan engines, but it could
be, let's say, as a result of making further reductions in fan noise.

Mr. I-I•cim.- In other words, that other noise will come to the
surface I

Mr. GARRY. That is right. The one thing we find is that the more
we do, the more we reduce one source of noise to a minimum, we find
that it was perhaps blanketing another source, then we have to attack
that source, and so on. So it is a never-ending quest.

Mr. Hicman. You can't win.
Excuse me, Mr. Goldwater.
Mr. GOLDWATm Are you finding also that in reducing noise in

certain areas, you are having to pay a big price to do this as far as--
the ratio of power outputs, say, of weight or-

Mr. GARRY. Well, aerodynamic per ormance has been penalized less
than weight. As we space the fan away from the outlet guide vanes,
the engine length becomes longer. Length is weight. As we put acoustic
suppression material in, this is weight.

a advantagd, as I mentioned, of a higher tip speed fan, if the noise
is. comparable, would be that it would compensate to some degree for
the added weight of the length, because it is a smaller diameter, and
so forth.

So the object here is not only to try to reduce noise, but to also try
to maintain an economically viable system. We can't penalize aero-
dynamic performance to the point where the aircraft becomes notflightworthy or can't make its intended range.

Mr. GoLDwAT=. One last question.. Is there one particular area that
creates more noise than any other area? I mean, at least right now, is
it in your studiesI

Mr. GARRY. In the turbojet, correction, the turbofan aircraft, such
as the air bus, certainly the fan is the major source of annoyance.

Mr. GOLDWATm. More so than the exhaust?
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Mr. G~zma. Yes. That is why the TF-39 sounds less noisy, although
the absolute noise level is roughly comparable to today's aircraft. As
the plane flies by you hear the fan noise then a sharp drop, as you go
out of the field of the fan noise and into the jet noise, which is very low.

Mr. GOLDWATm Thank you very much.
Mr. IHLzow Thank you, Mr. Goldwater. Can you give us an assess-

ment, at least of V/STOL engines and what. our progress has been inthat area I
Mr. GAMY. Well, I can only talk from my own experience. We build

two types of V/STOL engines, basically turbo-I won't say that. We
have built these tip turbine fan, lift fan V/STOL-type aircraft which
I showed, and we are working in the noise reduction field in that.

Helicopters are another type of VTOL aircraft; we build turboshaft
engines for these. In the case of helicopters we have turboshaft engines
with a power turbine at very low exthaust velocities, very low noise,
and you can suppress the inlet noise by inlet duct treatment on such
aircraft.

We have had less experience with other kinds of VTOL aircraft,
direct jet lift, which are quite noisy, and tilt-wing aircraft which are

and a fairly low-noise aircraft.
tI would sa that we can reduce the noise level of theengines, or turboprop, , and turbo-tip fan or lift fan kinds ofJ~to~ad, I /~O STOL

aircraft. In the case of blown-flap aircraft, which is a deflected jet air-
craft, I believe the same noise reduction techniques that are being
applied to the air bus engines are applicable in this field.

Mr. Hzcm.Ln. In this whole argument as to which type of V/STOL
or STOL we ought to go ahead with, I wondered whether the noise
factor played an important part and perhaps additional work by you
might be able to remove one of the inhibiting factors in the further
development toward a prototype

Mr. GARy. Certainly the emphasis, the major emphasis today, has
been on the more conventional aircraft. There is an increasing em-
phasis being placed by NASA and by the airlines and by the airplane
industryi noise reduction for V/STOL types.

Mr. H-cmzC . Should there be more by NASA A
Mr. GA•RY. I would think that an increasing effort here would

be very worth while.
Mr. Hzcmm. Mr. Garry, this is most interesting. We have a number

of other questions we would like to sul it to you in writing because
we have another very important witness this morning. We thank you
for appearing before the committee this morning.

I appreciate very much your coming, and you will be receiving sev-
eral other questions from us to complete the hearing. Meanwhile if you
have any further data along the lines of the discussion, or questions
that we asked this morning, that you care to submit for the record, we
will include it in the record.

Thank you very much, sir.
Mr. GAimy. Thank you, Mr. Chairman.
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(The information referred to follows:)

REoSPONSE BY Fa W. GAimy, VICE PRZSIDENT AND GNPA&L MANAGME, AxucsA
ENGIn 1 TSoHNICAL DIvISIoN, GENE.AL Euwzmo Co., TO QUESTIONS OF THE
SuucoMMirTw ON ADVANCED REsEA•CH AND TZCHNOLOGY

1. Question. (a) From your work so for, does the noise reduotion goals of 15
to 20 PNdB appear to be attainable without significant loss o1 ejklloenoy or an
added coat burden to the user?

(b) What is your time forecast and cost estimate as to when these features
can be incorporated into new aircraft engine production?

(c) Do the noise reduction figures include the jet noise output or only the fan
and compressor noise?

(d) Since fan and compressor noises only alleviate the situation on approach
do you feel that the reduction will be worthwhile for a major user?

Answers. (a) Based upon the results of research and development work done
to date related to noise reduction design concepts, Including the use of acoustic
treatment, the goal of 15 to 20 PNdB reduction appears feasible. (It is appropos
to point out that a reduction of 20 PNdB is approximately equivalent to a 99%
reduction in noise energy.) The design concepts that reduce noise moot generally
result In weight additions to the propulsion system, and therefore In turn result
in added cost burden to the user.

(b) Some of the features are currently being included in new aircraft produc-
tion, at least to a degree. It is further anticipated that other of these features,
as they are proven, will be incorporated as time goes on, possibly as production
modifications or as design features at the inception of new propulsion systems.
Certification of new propulsion systems from the time of Initial design requires
approximately 100 to 250 million dollars and around 4 to 5 years time period.
Modification of existing systems such that airline reliability can be assured
range from one year to three years. With these facts in mind the advanced ideas
emanating from the Quiet Engine Program could be introduced into service per-
haps for 1972 for military proved concept through 1976 for the concept developed
late in the program or which require development of totally new systems.

(a) The noise reduction figures include the jet noise output. For the Experi-
mental Quiet Engines, requirements were established for the jet velocities to
minimize the noise emanating from these sources.

(d) Providing due consideration is given to minimizing the jet noise sources, as
in the design concept for the Experimental Quiet Engines, fan and compressor
noise reductions should not only alleviate the situation at approach but also at
the side line and beneath the aircraft after takeoff. In particular, this appears
to be the case for propulsion systems with bypass ratios of about 5 or greater.

2. On page 6 of your statement you indicate that the TF39/CF6 engine core
will be used.

(a) Question. Have you begun to investigate the prospects of retrofit of existing
aircraft to determine the costs and extent of retrofit requiredf

Answer. The General Electric Company has not done any studies in this area.
NASA has conducted a study program through a contract with the McDonnell
Douglas Corporation to determine the costs and retrofit extent in a DC8 aircraft
(Contract NAS 3-11151).

(b) Question. Does the design data developed apply to other engines and will
you be able to forecast results if the same technology is supplied to an engine
manufactured by otherst

Answer. Yes. The Quiet Engine Program is directed toward developing this
design technology for lower noise aircraft engines and demonstating id on two
different designs of high bypass fans.

(o) Question. What aircraft now in widespread ase woould be affectedt
Answer. From a technical point of view the Quiet Engine Program features

are applicable. From an economic point of view the question of essentially re-
engining the fleet Is a matter of timing and cost that would require airline/air-
framer input.

3. Question, In view of the subjective nature of noise effects on humans, do you
suggest that the engine flnally delivered to NASA be flight tested and the results
compared with the standard egiek F
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Answer. The Quiet Engine delivered to NASA Is expected to be possibly 15-20PNdB quieter than current airline engines. Experience with ground static testing
of the COn engine has shown that the subjective response confirms that this
engine is much quieter than current engines. The CF6 measures 10 PNdB
quieter.

Furthermore, the Quiet Engine has been designed so that the dominant fre-
quency of the fan is well below that of the current engines; therefore, Its annoy-
ance will be less. A preliminary evaluation of subjective response to the effective-
ness of the noise reduction achieved in the Quiet Engine can be obtained by
ground static tests, Just by running the Quiet Engine and then a current engine,
and obtaining listener response. Further substantiation could result from a flight
test program to determine subjective responses.

4. Question. Although you suggest additional work on noise measurements and
instrumentaton, you do not speci)leafy suggest work on jet noise reduction. Howwould you attack this problem? What do you forecast as atta4nable goals within
your fan noise time seale?

Answer. Jet noise reduction of a significant magnitude has been achieved by
the use of high bypass ratios in engines such as the TF39 and CFS. This reduces
jet velocity and increases airflow to obtain required thrust. At velocities of In-
terest, acoustic power varies with the eighth power of velocity and the first
power of mass flow. At the levels of jet velocities that will exist in these engines,
experience shows that the types of suppressors used on today's turbojet engines
(CJ806-3, JT4D) are not effective.

Under the Quiet Engine Program we will examine different methods of exhaust-
ing the fan and core engine flows to see If there is an effect on jet noise. Pre-
liminary data on a lower bypass ratio, high jet velocity military engine showed
that mixing the fan and core engine flows reduced the noise by about 1-2 PNdB.
Further experimentat,•n and research in low velocity jet noise and techniques
for Its suppression are required. Without this type of program it is difficult to
forecast attainable goals in any time period.

5. In previous testimony it has been suggested that major emphasis on aircraft
noise reductions did not occur until the past 4 or 5 years, In this respect, you
state that you have been working on engine noise problems for a number of years.

Question. How would you compare what you are doing today with your work
of some years agot

Answer. We started working on engine noise problems about 1955 in order to
reduce the jet noise on our CJ805-3 turbojet engine, which powers the Convair
880 jet transport. This work culminated in a suppressor which reduced jet noise
by about 5 PNdB at takeoff. Effort continued at this level until 1966, when weentered the competition for the DC10. The larger thrust required, combined
with the high bypass technology, indicated that there would not be an escala-
tion of noise at takeoff, but that at approach the fan whine would be significantly
higher. Therefore we expanded our efforts in the design and development of
a low noise, high bypass fan and acoustic treatment materials, in order to
achieve a sizable reduction in noise. Our efforts have more than quadrupled to
accomplish this. The addition of the Quiet Engine Program will further in-
crease our efforts In 1970 in order to attain even greater reduction in engine
noise.

6. Military and civilian aircraft engine have had a great deal of commonality in
the past.

Quwstion. Would you agree with this?
Answer. With few exceptions, commercial Jet engines have been modifica-

tions from military engines. This commonality has been mutually advantageous.
Technology from- the military engines has provided the base, and the long hours
of experience that result from commercial service have contributed extensively
to durability and combat reliability of the military engines and the subsequent
improved models.

Question, Have noise reduction considerations been design criteria in the
development and production of engines for military aircraft?

Answer. There have been no noise requirements for our military engines.
Military engines must represent minimum compromises if the desired edge in
performance is to be achieved consistent with our national security posture.
Noise reduction features and treatment represent compromises that only the
military can assess.

Question. To what extent do the C-5A engine and its commercial version, the
TF6, differ?
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Answer. In looking at the differences between the CFO and the T739. it must
be remembered that the CF6 has been optimized for the DC10 commercial mis-
sion profile which includes higher cruise speeds and shorter flights than the
C5A. Also, the 016 program go-ahead was in April 1968 which allowed the CFI
to benefit from the TF39 development experience and to take advantage of the
latest state-of-the-art in engine design.

The moat significant differences between the TM39 and the CFO Include:
(1) Fan design for low noise features and lower bypass ratio than the

TPW to be compatible with the D)C10 4light regime.
(2) Combustor design to eliminate visible smoke.
(3) Low pressure turbine modified to be compatible with the smaller C76

fan described above in Item 1.
(4) Accessory drive gearbox and engine accessories were relocated to the

outside of the fan case.
(5) The thrust reverser was changed from the TF'39 to be compatible with

the I)010 airframa
(6) A thrust spoiler for the core engine was added to meet the reverse

thrust requirements for the DC10. A thrust spoiler Is not required on the
CMA.

Question. Would noise reduction modifications impair the performance of the
C--A engine?

Answer. The effect of noise reduction modifications on performance of the TF39
would depend on what noise criteria was established and how much the engine
was modified. We would expect that there would be some loss in thrust, in-
crease In specific fuel consumption, and an increase In installed weight If modifi-
cations were made to the existing engine. If the engine was initially designed to
meet the same noise requirement, the penalty would be less. It would take a
significant study to generate specific numbers on the effect of noise reduction
modifications on the TF39 engine, and the effect of these modifications on the
C5A weapons system capabilities.

Question. Would you judge that the state of development of STOL and VISTOL
engines is suck as to permit us to move STOL and VISTOL prototypes.*

Answer. STOL and V/STOL aircraft prototypes could be built using engines
currently In advanced stages of development. Such prototypes would not yet
show the levels of profitability and minimum noise levels attainable with new
advanced technology engine types.

However, the technology needed for such engines is already demonstrated in
principle and well understood. They could therefore be developed concurrently
with early aircraft prototypes leading to commercial operations beginning In 1975
for STOL and 1976 to 1980 for V/STOL. This will require a decision to go ahead
with engine development no later than 1971.

Question. On page 16 you refer to the value of flyover testing in design. Are
there any problems ivith this type of testing ?

Answer. Care must be taken to conduct these tess in areas where the terrain
does not significantly distort the noise measurements. This means that flights
over deep grass or extensive concrete paveanent must be avoided, since the for-
mer absorbs a great deal of the acoustic energy and the latter reflects It almost
completely.

Secondly, weather conditions must be nearly perfect; that is: no temperature
inversions, which tend to focus the noise at specific locations; wind velocities
below ten knots, so that focusing and scattering are minimized.

Third, aircraft position, attitude, and velocity must be known at the time
measurements are taken. This is accomplished by cockpit instrumentation and
the use of either synchronized cameras or radar tracking.

When the above conditions are met, flight tests do provide valuable, valid data
on acoustic performance which, when compared with ground static data and
flight predictions, can yield more precise correlations between ground and flight
performance and consequent effects on the design.

Question.. Do you think your research efforts are being hampered by the lack of
the Noise Reduction Laboratory proposed by NASA for the Langley Research
Centert

Answer. The Noise Reduction Laboratory proposed by NASA for the Langley
Research Center will allow for more fundamental studies to be conducted which
could yield noise reductions beyond those sought in the Quiet Engine Program.
With such a facility, more attention could be paid to the details of noise genera-
tion and propagation mechanisms and noise attenuation techniques that are more

88-681 0-T0----16
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efficient than those planned for the new wide body aircraft and for the Quiet
Engine.

Question. What is the status of work is investigation and reduction of con-
pressor ams turbine noise? How important Is this line of research relative to that
now going on in fan noise reduction?

Answer. To this point In time, ftn noise has been the dominant nolm source
from the propulsion system rotating machinery. With progrese in reducing the
fan noise source, experimnentl results indicate that turbine noise may well be
the next dominant source. Analytical lnvesigations have been inktiated (as
they were with fan noise) to better understand this source. In addition, experi-
ments have been planned, some of which involve acoustic treatment behind the
turbine, to reduce turbine noise. Future noise reduction programs should include
more effort related to turbine noise reduction.

Questio. You presented off-the-cuff ratios is watts showing the amount of
engine power converted into sound energy. Could you supply this data on a
series of representative engines including those you discussedt

Answer. The following table provides the requested data.

Acoustc energy
Amustic in peomteag ofSLS tbrust, erg, Total energy, totls energy.

Engin pounds kilwat 3iowtt kil~owtt

CF6 turbofan ------------------------------- 40,000 5.0 24,500 .02
CJi05-3 turbojet. -------------------------- 11.000 63 0 13,500 .468
C1805-23 tubofan -------------------------- 15,000 10.0 11,800 .084
TF39 turbohf an---------------------------- 41. O0 31. 0 25, 000 .124
CF7T0 turbofan ----------------------------- 4,100 2.6 2,900 .W8

Mr. HEcmER. Our next witness this morning will be Gen. Clifton
F. von Kann.

STTAXI"KNT OF GEN. CIXhTO F. VON KAXN, VICE PRSIDEENT,
OPERATIONS AND FNGINF1 ERING, AIR TRANSPORT ASSOCIATION
OF AMERICA

General vox KANN. Good morning, Mr. Chairman.
Mr. HECELmE. Good morning, sir. G;ood to have you back before the

committee.
General voN KANN. Nice to be here again, sir. I am accompanied

this morning by my colleague, Michael J. Strok, who works in my
department and interests himself in this area considerably.

Mr. HzcrLn Does he have a titleI
General vON KAWN. What is your correct title, Mike?
Mr. STRoK. Director of program plannin.
General voN KANN. Director of program planning in the operations

and engineering department of the Air Transport Association.
Mr. fLum ' You may proceed.
General VON KANN. Thank you, sir.
Mr. Chairman, members of the committee, my name is Clifton F.

von KAnn. I am vice president, operations and engineering, of the Air
Transport Association of America, the trade and service organization
representing virtually all the scheduled, certificated airlines of the
Uwnited States. It is a pleasure to appear again before your subcom-
mittu*

You will recall that in our appearance last fall several airline ex-
perts gave their views on the important subject at hand. Were these
gentlemen to reappear here now, their testimony would probably not
change significantly from that given last year.
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Using these views as a platform, I will attempt today to discuss

the air transport system in a general way and to indicate the types
of research and development which I think will be most important
to our continued progress during the coming decade.

First, a few thoughts on where we stand today.
As you know, jet engine technology brought a transportation revo-

lution to our country about 10 years ago. Today most of our public
intercity travel is performed by air. In 1958 the airlines accounted
for 39.3 percent of the passenger miles performed in public intercity
transportation. In 1968 the airlines' share was 72.5 percent. In inter-
city travel of 200 miles or less, the private automobile is still the
most popular mode of transportation, but even here the airlines have
made inroads.

Now, this growth in air transport has been spearheaded by the
aircraft and engines. Fortunately, during the 1960 s the old airport
and air traffic control systems were able to support the increased
traffic without excessive strain. Now, however, the strain has become
excessive; and today we have a crisis in airport and air traffic control
capacity--especially in our higher density areas.

Let me describe our problems in some detail, for an understanding
of these problems is needed if future needs for R. & D. are to be
assessed intelligently.

We have three major areas of concern in the U.S. air transport
system which bear on R. & D. needs. These are:

First, operational facilities, by which I mean airports and airways.
Second, connecting facilities (intermodal and intramodal.)
Third, our effect on the environment and the quality of life.
With respect to operational facilities the problem is complicated

by differing organizations. The Federal Government is responsible
for the airways. On the other hand, airports are built and operated by
a variety of local jurisdictions--sometimes directly and sometimes
through authorities deriving their charter from one or more of the
political jurisdictions involved.

This results in different motivations, different pressures, different
ground rules. It does not make for expeditious action that can re-
cognize and satisfy air transport requirements. Hopefully, the new
Department of Transportation in the Federal Government can help
to find solutions. In any event, these are realities which bear on R. & D.
efforts.

Mr. HECHLER. Excuse me. Are you going to give any suggestion
or just throw the ball up in the air ?

General yvo KANN. I think on that one, sir, I would have to throw
the ball up in the air. I could discuss it. I think there is some thought
being given in the Federal Government to use the State jurisdictions
to a greater extent, pulling power up from local jurisdictions. This has
some good and bad things about it.

I think it is too early in the game for me to say what the right
course 18.

Mr. HEcHL&R. It is real fine when you are in the middle of a State,
but when you get over to the State 'border, then there is a problem.

General vow KANN. This is true. And I think the problem is recog-
nized, but I think it is pretty early in the gme to suggest the courses
of solutions. This may take some special R. & D. of its own.
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Mr. TH-cnuL. Well, I would only suggest that it may be later than
you think.

General voN KANN. Yes, sir; agreed.
Mr. HECHLER. YOU may proceed, sir.
General voN KANN. The problems of connecting facilities are of

another type. Let us first consider intermodal connections, that is,
transfers between aircraft and other transportation modes-taxi, bus,
limousine, private auto, train, or subway.

With few exceptions, airport access systems do not support the peak
needs for intermodal connections, and this can make the rush hour at
our larger hub airports a nightmare for the passengers. Since the other
travel modes must be provided by nonaviation systems, and since
these must satisfy nonaviation needs, the problems of keeping them
in balance with the requirements of air transport are staggering.

But even intramodal connections between aircraft pose formidable
problems for the passengers. Despite the fact that the airlines spend a
great deal of time and effort working out convenient connecting sched-
ules, these schedules can never be ideal for everyone. Where the system
runs into serious delays--as it often does today-interconnecting pas-
sengers may fail to make their connections, notwithstanding the most
energetic efforts by the airlines to protect their customers.

Even if there were no problems with connecting schedules, with the
growth in air traffic, in the size of airports, and in distances between
different air carrier gates--this may amount to several miles at the
new Dallas-Fort Worth Airport-it is becoming more time consuming
and difficult for passengers to make interline transfers.

Even helicopter and STOL connections between downtown and
the airport have their problems. These are necessarily high-cost air
operations, and the passenger often has to use another transport mode
between the helicopter (or STOL) and the airliner.

Turning to the third problem area, our effect on the environment and
the quality of life, this is the most recent major development, perhaps
the most urgent, and surely the most complex.

The complexity is due to changing social attitudes in the United
States. For most of the last 100 years we were a Nation dedicated to
industrial and economic growth through technological progress. To a
great extent people had to get out of the way of technology, which was
not unreasonable because we had plenty of room. If anyone was
unhappy about the noise of trains, trucks, or boat whistles he could go
elsewhere.

But now our urban areas and many of our suburbs are crowded. Our
people are having to learn to live under more crowded conditions, to
wait in line, to make accommodations to one another. They are having
to learn amenities which a few generations ago seemed less important.
Meanwhile our political leaders and the judicial system are insisting
that the environmental needs of individuals be given greater considera-
tion and that the quality of their life be protected.

As you know, the airlines are under great pressure to reduce jet air-
craft noise--even though there is no easy or immediate solution.
Noise restrictions at various airports have already reduced available
capacity of these airports. Now there is increasing agitation for the
airlines to eliminate the visible smoke exhaust from jet engines, even



241

though this smoke is not really a pollutant and has some safety benefits
in that it increases aircraft conspicuity.

Let me note for the record, however, that the airlines foresaw this
problem. The resulting programs of the airlines and engine manufac-
turers have already arrested the increase in engine smoke; and it will
not be too many years before all airline engines axe virtually smokeless.

I will add for the record a copy of a statement I made last week at
the Chicago Press Club where I held a press conference on the airlines'
voluntary program to reduce smoke emissions from our aircraft in
support of this statement.

(The document follows:)

STATZMUNT or GENERAL CLITON F. voN KANNw Vice P.•maN•---OPrATzOxs
AND ENGINEERING, AIR TRANSPORT AssocIATIoN, REGARDING VOLUNTARY
iNSTALLATION OF IMPROVED FUEL COMRUSTORS ON JET AIRCRAmr, DE.EMBi 4,
1969, CHIOAGO PRESS CLUB, CHICAGO, ILL.

These are the main points in the airlines' program to reduce air pollution:
1. Airline aircraft emit only a negligible percentage (about 1%) of the man-

made pollutants placed into the atmosphere from all sources. This creates
primarily an esthetic, rather than a health problem.

2I Despite the fact that 99 per cent of all pollutants come from non-aviation
sources, a voluntary industry program -to eliminate particulate emissions
from the prime airborne source-JT8D engine-has been underway for more
than four years. This program has been supported entirely by the engine
manufacturer and the airlines using that engine. The program has produced
new combustion chambers, or burner cans as they are commonly called, which
are new being operationally evaluated by four of the larger ATA member
airlines.

3. The time required to gather the required operating experience with modifica-
tions to the hot section of the JTSD Is about two and a half years, of which
roughly one year has already been completed. This means that the service
evaluation of the new burner cans for the JT8D should be completed by late
1970.

4. If the results of the current operational evaluation are satisfactory, it is the
intention of the airlines to incorporate the revised burner cans into the JT8D
engines as rapidly as overhaul schedules permit.

5. As of last week, the operational evaluation by four ATA member airlines
has now brought some of the new combustion chambers beyond the 3000 hour
mark. However, there has been relatively little operation above the lower engine
power rating.

The Information I will supply on behalf of the Airlines will show that
voluntary efforts, which began quite some time ago on the initiative of the
industry, are producing a reduction of visible contaminants which will see their
virtual elimination at the earliest practical time.

AIMLINE CONCERN WITH AIR POLLUTION

The airlines fully appreciate, and are deeply concerned generally with, the
effects of air pollution on our operating environment. A major industry con-
cern with air pollution is in its effect on visibility. In most instances pollution
of the atmosphere is synonymous with reduced visibility. This is especially true
of the heavy suspension of contaminants in the form of particulate matter and
hydrocarbons.

This does not mean that the presence of air contamination renders airline
flight operations unsafe. Airline aircraft and flight personnel are especially
equipped for instrument operations under conditions of reduced visibility caused
either by weather or man-made atmospheric pollution. Moreover, minimum
visibility conditions for aviation operations are carefully established by the air-
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lines, and by the Federal Aviation Administration, to insure that landings and
takeoffs are made only under suitable conditions.

CONTRIBUTION Oe PUZOir AIERCTAT 3MIM0xN5 TO THE TOTAL ATMOSPeHNIC
POLLUTION IS SMALL

As determined by several local and Federal sponsored studies the two prin-
cipal targets of pollution control efforts are sulphur compounds and carbon
monoxide. Jet engine produce no sulphur compounds and very little carbon
monoxide. On the other hand, these studies show that automobile exhaust, which
in some locations constitute as high as 90 to 98 percent of all the contaminants
placed in the air by man, include a high percentage of both sulphur compounds
and carbon monoxide.

Jet aircraft do produce relatively infinite small amounts of hydrocarbon and
other organic gases, aerosols (smoke is an aerosol), oxides of nitrogen and
carbon monoxide. The percentage of contaminants placed in the atmosphere by
jet aircraft engines, as related to the total atmospheric pollution placed in the
atmosphere by man, is on the order of slightly more than I per cent.

As the Secretary of Health, Education and Welfare In his report to the Con-
gress In December 1968 Indicates, "The present contribution of aircraft emis-
sions to the total atmospheric pollution burden of the community is considered
small." This Is similar to the conclusion of the U.S. Public Health Service Study
undertaken at Kennedy International Airport in the fall of 1964 covering pol-
lutants attributable to operations at airports.

While these public reports show that commercial jet aircraft are contributing
only very limited amounts to the overall pollution level, even in these areas of
high traffic density, it is the objective of the aerospace industry's program to
reduce the level of smoke emission to the absolute minimum. As a matter of fact,
since 1958 engineering groups from the airlines, engine manufacturers, and
fuel industry have been actively and voluntarily pursuing the problems of and
solutions to exhaust smoke from jet aircraft. Many studies have been conducted
to ascertain mechanisms of smoke formation in turbine engine combustion
systems.

WHAT I THU AVIATION INDUSTaY DOING?
Future Aireraift

As a result of study, testing, experimentation and evaluation to date, the
future holds great promise for decided Improvements in the next generation of
aircraft such as the Boeing 747, the Iockheed IOU, and the DC-10. The newer
engines which were designed and developed by engine manufacturers for these
aircraft have combustion systems of more advanced design. The technical
experience gained in the past as to the design feature which reduced smoke
were incorporated in the engines. The elimination of exhaust smoke has become
a routine development goal and Is included in our technical specifications. as a
result the airlines will be operating these new airplanes with engines which are
essentially smokeless.

Todup's Jet Aircraft
Research by engine manufacturers is currently probing smoke reduction possi-

bilities for several of the engines which now power the jet transports flying
today.

Principal attention has been focused on the smoke plume emitted by the JT8D
jet aircraft engine. This engine powers the Boeing 727, the Boeing 737, and the
D"-9. The manufacturer of -this engine, Pratt & Whitney, has been attacking
the smoke problem for well over 4 years. Primary emphasis has been on elim-
inating the particulate emissions which cause the smoke from jet engines. The
main offender in unburned tiny carbon particles caused by localized incomplete
combustion in theburner cans.

The burner can is the heart of the jet engine. It Is where fuel Is mixed with
compressed air and transformed by ignition Into burned gas to form the pro-
pulsive thrust of the engine. Pinpointing the localized rich pockets in the burner
can was the first step toward smoke reduction. Once indentifled and adjusted,
ever 500 test rig were run-in to confirm results, Then, more than 200 fullM-cle



engines were run with different burner can configurations before a suitable de-
sign was selected for FAA certification.

FAA certification followed a 200 hour testing program by the manufacturer.
A little over a year ago 37 engine sets of these newly fabricated and iwproved
burner cans were delivered to 4 of the larger member airlinoe of the ATA for
in-service operational evaluation on 727, 737, and DC-9 powered aircraft. The
prime purpose was to determine how these new cans would operate during pro-
longed periods In the airline environment and to find the service life of these
components under day-to-day airline operations.

A t ti ou& u1 ut ,east a,uvu nours on all engines furnished the carriers will
take up to 2% years. At present, ATA participating airlines have accumulated
more than 3,000 hours on one engine set of cans being evaluated and as low as
200 hours on another. Most of this operation has been at the lower engine power
rating In short the airlines are more than half way through the operational
evaluation which should be completed in the fall of 1970.

It should be noted that this is not an excessively long period of evaluation.
Unless the service life of these new cans is firmly determined when they are
introduced into general airline service, engine life could be drastically reduced
which would disrupt maintenance cycles and present the industry with virtually
impossible problems in maintenance scheduling. Further, a short period of
evaluation would fail to give the manufacturer the information he will require
to eliminate the "bugs" from the new type burner cans.

With respect to the jet engines which power aircraft such as the 1)-8, the
707, and Convair 880 (in other words, the JT3 and GE C805 engines), as soon
as the manufacturers of these engines can provide the airlines FAA certificated
engine "fixes", operational evaluation of these items on airline aircraft will begin.

SUMMARY

The airlines' views can be summarized as follows:
1. New generations of airplanes such as B-747, DC-10 and Lockheed 1011 will

be delivered with essentially smoke-free engines by the mid-1970's. They will
amount to over 10 per cent of the U.S. airline fleet.

2. Regarding the JT8D engine, over a year ago the airlines voluntarily started
an In-service evaluation of new burner cans provided by the manufacturer. Until
at least 5,000 hours of service evaluation on each of the 37 engines is completed,
the airlines determine their specific program of retrofitting this type of burner
can In their fleeta

3. When the manufacturers of such engines as JT3 and the GE CJ805 have
completed an appropriate smoke emission "fix" on their engines, the airlines
will undoubtedly evaluate them operationally as well.

4. While it is impossible to make firm forecasts at this point in time, I believe
it is safe to say that these actions will result in the majority of airline engines
being smokeless by the mid-seventies.

Mr. Hwwym Are you seriously saying that there is no fallout or no
pollutant other than what i-.----

General voN KANN. As far as toxic pollutant, all the studies that
ha ve been made on that matter indicate that those are negligible quan-
tities. Usually something under 1 percent, or in the vicinity of 1 per-
cent of all the pollutants in the atmosphere. Now, on the other hand,
the nontoxic pollutants, which are largely the smoke, the soot, the
water, oxygen, substances like that, are about 99 percent of what comes
out of the tail of these jet&

Mr. HF•utm I see. Then you ought to add the adjective "toxic,"
perhaps, to your statement. You said this smoke is not really a pol-
lutant.

I
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General voe KANN. Yes, that might be so, although the HEW them-
selves classify this not as a pollution problem but as r. problem of
esthetics. But depending on whether or not you associate the word
"pollution" with toxicity, some modification of this nature would be
in order.

Well, anyway, I will submit this briefing, sir, which indicates what
we are trying to do about that.

Mr. HwOHLEm All right, that may be included.
General voN KANN. Would you like to have that up at your desk?
Mr. HEoHmH. That would be helpful, yes.
General VoN KANN. Concern for the environment is also affecting

airport construction. It is becoming more and more difficult to obtain
approval of a new airport site---or even to improve and expand exist-
ing airports. The benefits which an airport brings to a community
tend to be forgotten in the strong concern for environmental integrity.

Now I turn to the prospects for the coming decade, the decade of
the 1970's. Our efforts to solve the above problems will dominate the
;greater paat of the next decade. I believe that the extent of our success
or failure will be determined largely by the extent to which now
technology is utilized in the civil air transport system of 1980. We must
therefore do some forecasting and attempt to assess the most serious
difficulties which the coming decade will bring.

With respect to operational facilities, I believe we will achieve ade-
quate or near-adequate airway capacity by the late 1970's. Federal
user charge legislation which will provide the necessary funds is all
but certain to be enacted.

The technology for the necessary automation of the air traffic con-
trol system is available or can be made available in the desired time
frame. The necessary authority exists in the Federal Aviation Admin-
istration. Moreover, the problem has been studied in some depth on
several occasions, the most recent effort being the work of the Depart-
ment of Transportation ATC Advisory Committee, chaired by Dr. Ben
Alexander. The airline input to this study is contained in the report of
a special airline study group called the Air Transport Association
ATC systems planning group.

And I also offer a copy of that report for the record.
(The document follows:)
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RE(COMMENDATIONS FOR A
NATIONAL AIR TRAFFIC MANAGEMENT SYSTEM

FLnaI Report
of the

Air Traffic Control System Planning Group

July 1969

PubIwwe by
Copyri0 t 0) 1969 ARINC Resemrth Coqroatlon
Air Tunspomt Auioation of Amerca A Subsidiay of Aeronautkal Raft, Inc.

(245)
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FOSWORD

The horrendous and well-publicized delays experienced by all users of New York's
metropolitan airports during the summer of 1968 spurred the Operations Conference
Ixecutive Committee of the Ar Transport Association of America (ATA) to recommend
that a special airlines' task force be established to develop long-range plans and
reom tns for a future Air Traffic Control (ATC) system for the United States.
Consequently, in November 1968, several well-qualified individuals from representative
airlines were appointed to a working group to function under the jurisdiction of ATA's Air
Traffic Control Committee. The group was designated the Air Traffic Control System
Planning Group (ATCSPG) and given the following terms of reference:

"- Report to the ATC committee within six months, giving its recommendations on how
today's ATC system should be remodeled to handle safely and efficiently the
expected growth of aviation during the foreseable future.

Be wholly concerned with sueting satisfactory long term solutions to ATC
problems, at the same time bearing in mind that any changes, however radical, must
be evolutionary in character.

- Endeavor to specify the respects wherein airports, navigation, communications, ATC
facilities and ATC procedures should be improved to achieve, as soon as possible, the
objective of an adequate and expandable ATC system, catering to all users of the

Representatives of the US. Armed Services, the Federal Aviation Administration,
National Aeronautics & Space Administration, Aerospace Industries Association of America,
Inc., and Aeronautical Radio, Inc., were asked to participate in the ATCSPG's sessions on a
regular basis as observers; such participation was not to be construed as any form of
commitment by the agencies represented, nor as endorsement of the ATCSPG's report. The
ATCSPG decided to keep other civil users of the airspace informed on its work by
distrbutig summaries of all its meetings and by asking such users to meet with the Group
when its work had reached a suitable stAe. The members of the ATCSPG, observers, and
other participants in the sessions are identified in Appendix A.

At its first meeting, the ATCSPG summarized its objectives as follows: to furnish a
realistic recommendation for an Air Traffic Control system that would meet the needs of all
users in the United States. It was emphasized that the Group's purpose was not intended to
conflict with the work of the Department of Transportation's Air Traffic Control Advisory
Committee; however, it was hoped that the ultimate recommendations - made by the prime
pmenger common-carrier industry of the United States - would be of value to that
committee and to other interested agencies.

111
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The United States airlines recognise that the current akAaitlecontrol/aIrplot compiSe
that nse them, as common caulers, baa serious inadequacies that we detrimental to th
capacity, safety, and powth potential of the national aviation system and to the ecency
and economy of the aviation ndustry In generaL They recommend that the akqie be
resI.uctured to eliminate the cmrnt unwmlsctoky mix of uncontrolled and controlle•d
flfits, and that a minimum ' mce of admission" be pqeciflsd for all aircraft elect to fly
in controlled airspace. Further, they recommend that the pound Air TrWafc Control (ATC)
function be completely automated and that voice communication. between ATC and
ascft, except those communications for specialized or emagency purposes, be replaced
by automatic dital communications

To expand system capacity, the ailines recommend that aft-s eo standards
be reduced and improvement. be made in the airborne gukdne-an-contro system for
aircraft operating in convoted megapolitan nes. They sress; the advantage of an acurmte
and reflble system of position determination to srve both naviatson and ATC purposes,
the need for increasing aiport capeacty by Improving aiport des*n. and the need for
blding aikports in sufficient numbers to meet the taffic demnand.

There must be no delay in obtaining naUonal accord on how a new, expandable system
for air-traffic management should be constructed. Funds must be appropriated and t'gIet.
set to permit the processes of design, procurement, evaluation, and commissoning to
proceed on a firm and expeditious time schedule. The airlices recognie the many
diffIculties asocted with changin from today's ATC sym to one geared to the red
needs of the times and of the future. However, immediate steps must be taken, and one
element of the tansition process must be early relief of the curent situation.

vii
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CHAPTEIR ONE

The Air TOaMi Conitrol System

As defined in Federal Aviation Regulations, Part 1, Air Traffic Control is "a service
operated by appropriate authority to promote the safe, orderly and expeditious flow of air
traffic." The provision of tei service involves the myriad interrelated elements that have
bee combined by an evolutionary procem oves the years to form what is now gererally
called the Air Traffic Control (ATC) system. This system grew - it was never designed a an
entity. It is extremely complex and constantly undergoing changes, pertly becuse of the
divrse requirements of the various users of the asispace, and pertly because of the
continuous incree in traffic volume and the ever-changing nature of the vehicles that
comprise the traffic.

Although continuous modifications to the ATC Wstem have resulted in Improvement.,
the pressing need for accelemting the mnprovement process is recognized by all concerned.
There is les unanimity, however, when it comes to discussing what dsould be done; there
are even differing views on what exactiy is meant by "the system".

In its broadest sense, "the system" involves airports, various types of facilities, rules,
and procedures. It also involves the aispace itself - the manner in which it is subdivided for
4ifferent uses, the rules and procedures governing flight within its different cateores, and
the variety of techniques and devices (some pound-based, others self-contained within the
aircaft) used for navigating through it. The ATC system uses a complex of ground
equipment, airborne equipment, personnel, communication3, navigation aids, displays, radar,
computers, and aiways. It involves circulating an abundance of papers containing flight
information, criteria, regulations, and procedures, all aimed at making the system function
according to certain established ideas of how operations should be conducted.

Flight Opeations

Until recent yeas there were only two basic modes of fliht operation. The first - the
"see-and-be-seen" mode - is predicated on the assumption that pilots flying in certain
specified weather conditions can see and can be seen by the pilots of conflicting traffic: the
pilots themselves, therefore, can take the necessary evasive action to avoid collision. Federal
Aviation Regulations governing such operations are known as Visual Flight Rules (VFR).
When weather conditions are below the minima specified for VFR, all pilots operating in
designated ATC-controlled airspace must abide by Instrument Flight Rules (IFR)and obtain
prior approval to proceed in the form of a clearance from ATC; this constitutes the second
mode of operation. In brief, in the second mode, aircraft separation is afforded by ATC in
certain specifically designated airspace. This mode is concerned primarily with traffic
operating under IFR.

•w mtm,.-.•mmm m m mmmmmm 1
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Scheduled air-carrier jet transporti mut, by Federal An Regulations, fly F une
ATC jurisdiction whenever they a operating in controlled aspce - even when VFR
weather conditions prevail. Other aircraMft, however, have the optcs of flying VFR or IFR
when operating in controlled awspece under VFR weather conditions*. Conf tly, in
good weather (VFR conditions), some traffic in controlled airspace is controlled and acme N
not, and the pilots flying IF itnder ATC jurisdiction must also abide by the principles of
"ns-and-be-es." because other traffic in the same airspace may be operating VFR and may
be unknown to ATC. In essence, there is a system of divided responsibility during good
weather conditions: some piloto assume the obligation to see-and-avoid all other traffic,
while others rely on ATC separation for avoiding similar traffic but remain responsible for
seeing and avoiding VFR (nonparticipating) traffic. Furthermore, because humans cannot
measure visibility accurately under all conditions, there are often differences of opinion
among pilots as to whether VFR conditions prevail or not.

During recent years there has been a growing concern regarding the ability of pilots to
see and avoid all other potentially conflicting traffic, even though operating in unlimted-
visibility conditions. This concern, deepened by the advent of higher performance aircraft
and the large increase in traffic volume, led to the development of a third mode of
operation known as "positive control". Tnis mode requires all aircraft within certain
specified airspace to operate under ATC jurisdiction for the purpose of collision avoidance,
regardless of weather conditions - no VFR operation or uncontrolled flight of any kind is
permitted within "positive control" airspace.

Beyond the boundaries of the controlled airspace, there are large volumes of airspace in
which no ATC service is provided. In this uncontrolled airspace, pilots are afforded no
separation service by ATC, whether they are operating under VFR or IFR. Only the general
rules governing cruising altitudes according to direction of flight provide any semblance of
segregation between all types of traffic - VFR, IFR, opposite direction - while in level
flight. In essence, separation within uncontrolled airspace depends, during VFR weather
conditions, on a pilot's seeing and avoiding other flights, and, during IFR weather
conditions, on sparsity of traffic and chance.

Because of the constantly increasing traffic volume, the increased performance
capabilities of newer akcraft, and the growing diversity of operations being conducted by
aircraft operators, the airline industry considers an efficient ATC service to be the most
practical method of avoiding mid-air collisions. To safeguard their customers, the airlines are
currently seeking the protection of ATC separation (a) in IFR weather conditions for all
their flights and (b) in all weather conditions for their flights operating in airspace where the
volume or nature of air traffic is such that sole reliance upon pilots' seeing and avoiding
other traffic involves undue risk to the public.

Ahborne Collision Avoidance Systems and ATC

For many years, the airline industry has fostered the development of a suitable airborne
Collision Avoidance System (CAS) and Proximity Warning Indicator (PWI). However, its
interest and activitife in this field should not be misconstrued: as indicated previously, the
airlines are convinced that a positive, fail-safe Air Traffic Control system, under the
jurisdiction of a central agency exercising control from established ground units, is the only

Ths option dons not apply in "positive contr" spe which Is dlssemd In the sulquent puia-ph.
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rel solution to the mld-ak-collison problem. In addition, the industry believes that such a
qem is esntial to the efficient organization of trafflc flow. Nevertheles, a CAS or PWI,
when fully developed and proven, may have logical applications as an adjunct to the ATC
syjam. For eawmple, the pow" ability of these devices to provide for efficient in-trail

erations and for pilot awaeess of nearby aircraft on approach to or departure from
pamrlel runways may have valuable complementary applications. In no sense are such
devices envisioned as substitutes for a well-conceived and efficiently operated Air Traffic
Control sySIem.

3
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CHAPTER TWO

ThE PROBLEM

Tbe -pao Imac

All operators of civil aircraft rely on the Federal Government and airport authorities to
provide and operate the ground facilities and ATC facilities essential to their tenk of serving
the traveling public. Failure to forecast accurately the growth of air traffic and to anticipate
the airwayslairport system's inadequacy for handling traffic demand in key metropolitan
areas has resulted in increasing congestion. The situation inflicts hardships on the traveling
public, financial losses on the air carriers, and constraints on the economic growth of the
surrounding community.

The current ATC system relies heavily on the skill and dedication of human air-traffic
controllers who use radar for aircraft surveillance and sequencing, and voice communi-
cations for communicating with pilots. The lack of precise, auto- lic, and unambiguous
information either in the aircraft or on the ground necesasites substantial human
intervention that results in heavy workloads for both pilot and controller. Radar has been
refined for ATC application, secondary surveillance radars have been introduced in
elementary form, and processing and display systems providing three-dimensional position
and identity information are just beginning to appear on the a"ne. Nevertheless, over the
long term, the current prinmary/secondary radar systems have serioup shortcomings. They are
saturable, inefficient in information flow, and suffer interference from weather and other
sources. Better, more accurate, more efficient, and more economical means of position
determination must be developed for the future ATC system.

Airports and airport facilities have also failed to keep pace with traffic growth; the tasks
of finding the necessary financing, obtaining agreement on the location of new jetports, and
acquiring the necessary real estate inevitably take a long time. Furthermore, the capacities
of most existing major airports are severely limited by noise-abatement procedures at certain
times; similarly, construction and repair work are generating delays.

The ever-increasing demand on ATC voice-communications channels has led to
communications congestion and, in conjunction with the limited capabilities of some
airborne equipment, to consequent compromises in the frequency-assignment plan designed
to avoid interference between signals.

In the absence of a short-term solution to the ATC system's deficiencies, aircraft
operators are being penalized by arbitrary restrictions on traffic movement, and the
imposition of undesirable limitations on the operating characteristics of their aircraft.

ATC and navigation service is not available for all the IFR operations that the airlines
require. This is due partly to inadequate system capacity and partly to Government policies
concerning the use or provision of navigation aids for public air-transportation service.

-



258

The inherent complexity of today's ATC system, a it struggles to handle the increasing
demand for service, is spawning regulations and procedures that greatly increae the
workload of controller and pilot. Risk of human error by misunderstanding or oversight is
introduced; too often, the ATC system is forced to operate at the limit of its capability, so
that even a small unanticipated event can upset the delicate balance of operations and cause
almost total disuption of service.

A picture is revealed, then, of an ATC system that has been exceedingly slow to evolve.
Responsible persons have failed consistently to tkl serious problems until they have
become critical; patchwork fixes have been adopted with little apparent appreciation of the
longterm consequences. When develor ment work has been involved, there has been far too
much delay in introducing equipment into service. Adding more controllers -- although
necessary now - does absolutely nothing to solve the long-term problem: coordination
between controlilers is time-consuming and burdensome, and the addition of more
controllers to relieve the workload generates a requirement for more coordination and, thus,
eventually defeats the objective. At the same time, some procedures designed to minimize
coordination have the disadvantage of decreasing flexibility and causing inefficient use of

Any satisfactory improvement plan must achieve a proper balance between short-term
and long-term remedies. Methods must be found to effect limited early improvements while
the development work necessary to effect longer-term improvements is pursued energeti-
cafly and at an accelerated pace. In this process some new equipment must be applied
without delay, even if it does not meet the longer-erm goals.

There has been consistent failure to implement recommendations that have had
Government endorsement. As long ago as 1948, an imaginative and far-sighted plan
proposed by Special Committee Number 31 of the Radio Technical Commission for
Aeronautics was endorsed by the Congressional Aviation Policy Board; it was never
implemented. Other plans, such as those of the Air Coordinating Committee Special Groups
5 (1950) and 13 (1957), the Curtis Committee (1957), and the Project Beacon Task Force
(1961) have been only partially implemented. Since then, misundertanding of the problem
and serious underestimation of the costs involved have resulted in a situation that is causing
widespread national concern. The situation demands urgent attention at the highest
Government and industry levels. Success in solving the problem will be measured in terms of
the extent to which the future ATC system accommodates the requirements of all users of
the national airspace and thereby fosters the natural growth of an industry that is vital to
the nation's prosperity and economy.

The Economic Impact

The spectacular growth of air transportation is due basically to one unique feature -
time-saving. Busmnesuien, Government administrators, the general public - all bent on
traveling large distances in short periods of time at economical prices - have made air
transportation the primary mode of long-distance travel in the United States. The
time-saving capabilities of moderaircraft also have been responsible for lge increases in air
freight, a segment of the industry that is predicted to grow even more rapidly in the future.
Unfortunately, the delays created by deficiencies in the ATC system, airports, and related
facilities are inhibiting full capitalization on this unique characteristic of air transportation.
Passengers and their families and friends are being inconvenienced and frustrated, the

6
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aircraft operators ale incurring lar additional operating expenses, and the overall impect of
poor performance on the current and impending tremendous capital requirements of the
industry is serious.

Any circumstances that cause aircraft to deviate from their time schedules by more than
a few minutes not only prevent the air carriers from providing a satisfactory service to the

traveling public but also make it difficult for them to maintain the far structure necessary
for true man tranimportation. Although am air carrer Ihnlally may accept lower profits or
preater deficits to absorb the extra cost imposed by delays, sooner or lateir, even in a
regulated industry, he must pase on this cost to the customers in the form of increased fares.

As traffic volume han grown, delays hbae increased proportionately. Recently, a study
conducted by the airlines and the FAA estimated that the direct operating cost to the
scheduled4-nrlne industry due to terminal delays was approximately 60 million dollars in
1966, 75 million in 1967, and in exces, of 100 million in 1968. One mao airline estimates
that flight delays (deviations from published scheduled ti- a) caused primarily by ATC or
airport deficlncies were responsible for additional direL. operating costs of at least 24
million dollars in 1968. These figures do not include the additional direct cost of special
passenger services such as hotel accommodations, meals, limousines, taxis, telephone calls,
and telegrams. The intangible costs asociated with loes of public confidence and restriction
of growth must aso be recognized as profoundly significant.

To maintain realistc schedule information for the benefit of its customers, the ailines
already allow for many minutes of probable delay due to ATC problems. As an example,
flights by today's jet airliners between New York City and Washington, D. C., should be able
to meet a gate-to-gate schedule of 35 minutes; instead, because of deficiencies in the ATC
system, a representative airline schedule shows pte-to-gate times that vary from 58 to 63
minutes. Moreover, the average operating time on the same sector has been increasing
recently at the rate of one minute per month. (Chrts illustrating the increase in terminal
delays and the cost of such delays are included in Appendix B).

Under these conditions, then, it i not surprising to find that the high-performance,
expensive aircraft acquired by the airlines are being operated between many congested-are
city pairs with approximately the same pte-toogate times that were achieved many years ago
with slower and leas expensive piston aircraft.

Since the FAA mamtan only cursory and general records of ATC-asaociated delays,
there are no accurate, definitive data concerning the economic impact of such delays on the
aviation industry and the nation. It is reasonable to conjecture, however, that if the
complete penalty, in terms of additional operating expense, inconvenience to the public,
missed business appointments, alternative travel cost, etc., were known, it would be a
stagering revelation to all concerned.

The Consequences of Continuing With The Current System

Recent experience indicates that an overall plan for an Air Traffic Management system
capable of handling expected traffic growth must be formulated, adopted, and implemented
if the aviation industry's growth is not to be stifled and if a generally unsatisfactory service
is not to be offered to the public. The FAA itself has forecast that the number of airline
revenue passengers will grow from 153,500,000 in 1968 to 470,000,000 in 1979 and that
the scheduled-airline fleet will increase from 2388 aircraft to 3860 aircraft in the same
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period. The am forecast predicts that the active general-aviation fleet will grow from
112,000 aircraft to 203,000 aircraft. (Current experience, incidentally, is showing that all
such recent forecasts, regardless of source, have significantly underestimated the actual
growth rate.) Charts that illustrate the growth of air traffic in the United States are included
in Appendix B.

Although there are no exact statistics or forecasts for the number of uncontrolled
flights in the United States, the FAA has provided counts and forecasts for all operations at
airports with FAA ATC service. These indicate that in 1968 such airports handled
53,100,000 operations, of which 14,600,000 were under IFR; the forecast is for this ratio
to be maintained through 1979. Moreover, investigations and discussions reveal that many
current VFR movements would probably operate under IFR if the ATC system were
capable of handling them without excessive delay. However, in high-density areas, the
system has been proven incapable of handling even the current amount of IFR traffic
without excessive delay and, even if funds and equipment were available for immediate
expansion of ATC services on a short-term basis, it would not be feasible to proceed because
sufficient trained controllers are not available. (The FAA estimates that it takes
approximately two years to train an air-traffic controller.) Furthermore, all currently
planned technical improvements, such as the NAS Stage A and the ARTS programs, which
are expected to be implemented slowly with a completion date of 1972 or 1973, are not
expected to increase capacity to the extent necessary to meet the projected air-traffic
growth. However, these programs can provide the computer base on which future
automation can be planned.

Additional airport runways, STOL ports, heliports, and general-aviation airports are also
planned for high-density areas such as New York, but these too will offer no significant help
prior to 1972/1973 at the earliest. Even then, to obtain any real increase in air-traffic
capacity in such megapolitan complexes, it also will be necessary for the airspace users to
equip their aircraft with area-navigation systems and for the FAA to develop the appropriate
procedures and rules. These requirements are clearly indicated by the preliminary results of
the FAA's radar and analytic simulations of the New York area in 1975, which assumed
that 90 percent of the users were equipped with area-navigation systems.

While the current ATC system falls further and further behind the traffic-growth curve
every year, remedies offered by its defenders are generally either restrictive, such as to rely
on scheduling according to system capacity rather than public demand, or optimistic, such
as to rely on the advent of the large jets (B-747, DC-10, L-1011, etc.)to reduce the number
of aircraft involved. It should be noted with respect to the latter expectation that most of
the smaller jets are being depreciated on the basis of at least 12 years of useful life and that
the FAA forecasts predict a large increase in the air-carrier fleet and an even larger increase
in the general-aviation fleet. Some individuals have advocated, contrary to traditional
American ideas, less competition among the air carriers as a possible solution; others believe
that highspeed rail passenger service may be the answer. The advocates of rail service
minimize the difficulties and huge costs involved in implementing their ideas and disparage
the fact that aircraft, whether STOL, VTOL, or CTOL, could offer better service to those to
whom time is important, if the ATC system were capable of handling such aircraft properly.
The very nature of these "remedies" indicates the seriousness of the crisis. By Government
order and mutual agreement between the airlines involved, schedule restrictions have already
been put into effect. The impact on the cities involved is small so far, but in the long run
their economic well-being will be impaired.

8
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The United States' air transportation network has become the major inter-city passenger
common carrier and is vital to the movement of certain classes of cargo; general-aviation
aircraft also contribute significantly to the national economy. Despite any immediate action
by Government and the industry, growth in all segments of aviation will be restricted in the
next decade by the lack of an adequate system for air-traffic management. It is vital that
this restriction be eliminated as soon as possible. New approaches must be adopted and the
best of modern technology harnessed to yield a viable and expandable system that nurtures
rather than impedes the growth of the aviation industry.

9
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The Air Traffc Managemmnt system should serve all types of civil and military aircraft.

Diecumion

The airspace of the United States should be open to all aircraft including VTOL. STOL,
and CTOL, whether general aviation, commercial common carrier, or military vehicles. More
than one system would not be economical, inevitably would require difficult coordination,
and, consequently, would be contrary to the national interes.

There should be two categories of airspacie - uncontrolled and controlled, the latter
divided into three types. The two categories are defined as follows:

*Uncontraolld Airspae - Abirspae in which all an-craft aem outside the active
purisdiction of ATC. Separation is achieved only by compliance with the rules of the
air applicable to this airspace.

*Cointrolled Airspace - Airspace in which all aircraft we under the jurisdiction of ATC
for the purpose of receiving separation service. The net=r of this servic will vaY,
depending on whether the aircraft is an active perticipant or a pusulvperticipwat in
the ATC system.

Psteiczst - An aliraft In eambolaed abspe whose
Identty, podilon and adtwb is k ade known to ATC,
ps111 11y sutomatiafly, wibout hwnms intervntloe.

*Aeliwe Particm~st - An akerft opuatod dong ligt
pebts Wsdedbf mdgnd or oppos by ATC In
Uqiow to a mogt plan
A Is ? Wliclpt - (a) An *arcaft operated aloeg
No~t peds bAt a-, dmoes by be plot or operalm snd
betare muds known to ATC, whida in turn provides
trafti aiwbod's to be aircaft, or (b) a= airf bat"
does not niak. Ita itatmloe knwn in advanee to ATC
and, bsmtw does not rmoeleha bftl dicis
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Controlld airspace should be subdivided afollws:

Type 1 Airspace - Segments within which the density or nature of operations is
much that ATC Is rssponsible for providing separation sevic between all
aircraft. Accoadbing:

1. AD aircraft must bqtie wwpuwcipent
2. Regadless of weather conditions, all operations must be conducted

according to fligt plans for which prior ATC approval has been obtained.
3. Identity, positon, and altitude of all aircraft must be known to ATC.
4. All aiererft must be In two-way communication with ATC, preftrably by

automatic means
Type 2 Airspac - Segments within which the density or nature of ~afcis
each tha ATC is respomihime only for providing separation service between
(a) active partlclpet and active participnt and (b) between active participa
and pasv partk~icie Separation between -asu participan and -ulu
partk~icia will be the responsibility of the pilots, aided by ATC service in the
form of tmaMi advisoriesa. Accordingl:

1. Active participation Is required only when the specified weather conditions
prevail, but aircraft may elect; to participate actively during -Uy weather
conditions.

2. When specified weather condition. prevail, peassve participation will be
permissible eve though some aircraft may choose active participation.
When weather conditions do not permit passive particiption, all U*aMi
must become active partkciants

3. All operations must be conducted on a flight plan, regardless of weather
conditions. However, only active participants need obtain prior ATC

4. Identity, position, and altituide of anl traffic must be known to ATC.
5. All aircraft must be in two-way communication with ATC, preferably by

automatic mesan.

Type 3 Airspace - Segmnents within which traffic density is significantly les
than that in Type 2 Airspace, but in which ATC is stil responsible for providing
separation service between actkve participant and active participant and between
active pairtcipat and pass"v participant Separation between passlu participnt
and passive particpat will remain the responsibility of the pilots, without the
benefit of trafti advisories fomi ATC. Accordingl:

1. Active participation Is required only when the specified weather conditions
prevail, but aircraft may elect to participate actively during any weather
conditins

2. When specified weather conditions pre"ai, passiv participation w~i be
permissible even though some pilots may choose active participation. When
weather conditions do not permit passive participation, all traffi must
become actkw participats.

8. Operation. by active participant must be conducted on a flight plan for
which prior ATC approval has been obtained. No flight plan is required of
passiv participats.
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4. Identity, position, and altitude of all aircraft must be known to ATC.
5. Active participants must be in two-way communication with ATC,

preferably by automatic means. Peeve pwrticlats must have at least
two-way voice communications with ATC.

Discussion

Increased traffic in congested areas and the introduction of high-performance aircraft
militate against continuing to place sole reliance for collision avoidance on pilots' vision.
Implicit in Recommendation 2 Is the need to develop a relatively simple and low-cost
airborne device that can provide three-dimensional position and identity information to
ATC, and that is capable of being carried eventually by all aircraft flying in controlled
airspace. Receiving equipment would be deployed to process signals from these devices and
automatically tranamit the neceusry information to ATC' data-proceesing units. Technical
presentations to the ATCSPG have led to the conclusilon that there are several techniques
for achieving this objctive within today's state of the art. It is urged that imaginative
technology be applied to find the optimum technique.

The elements of Recommendation 2 are summarized in Table 1.

Table 1. SUMMARY OF TYPES OF CONTROLLED AIRSPACE

1 ~~Type 2 pe3
Abapce Arapae Typec3

Patcpns Active (a) Active (a) Active
Particiatse (b) Pien If weatheg (b) Puat. Itwete

Fligt Plan and Prior (a) Fligt Plan and pior (a) Pligt plan and Prior
ATC approval required ATC apporoal required ATC Approval required

F% lnfor active putllpatg for active Participants

*(b) Flight Plin but no ATC (b) Fliht plan not required
approval required for for pudve peztlcipants
And". parer"ticpa

I ATC Data Ideti~tyt posito, -ac d~r , Position. Ond Identity. position, and

CamsTwo-way communka. Two-way communications, Two-way cowamunlcations,
CZ=nc m deam, digta or voice digta or voice at last yoles

ATC provides aapa- ATC providas paueralion ATC provde naepsation
doe sarics between all anvic betwe AD active sar"lc betwee all active
active particliamts (Le., participanits and betwaee participants sad between
all aircraft In thius air- active Participants and pas. active partficipeans and pow

qiece) iv. participanta ATC pro- stwe pmtlcpants Pudve
ATC Service vides traffic advisordes to participants are requondble
Provided peales particip-ant to fat espaation betwee

*ms them In thei r iw thaauivee and othe pow
poniilty to madntain dve participants.
Oprto - -tweedin tem
ave sand other psaive

PaRWticpns
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RECOMMENDATION 8

Operational control should remain the sole prerogative of the aircraft operator. To amit
this function, arborne and pound digital communications systems dhul be compatible
with operationalontrol requirement.

Discusion

While the system will require discipline, it should not usurp the operators' jurdiction
ove dedion-making commonly known as operational control. Each operator has the best

n to h own needs, and any attempt to assemble in the s m the elent
Ofthe OP tdW Y"s store of knweg would be prcial miisil. Much of the

inforato needed by the Air IW Management system Is also neddby the u• for
oprain cit~oi purposes and, cosqetly, shuk be easil obtmakble by him
through automatic means. In abort, to avoid expendi"e duplication of equipment, the system
should be desgned to have as much technical commonality with the uses' opefational-
control systems as i practicable.

REOOMMENTDATION 4

Predetetnined and segregated flight paths, with associated arrival and departure
facilities, should be established where necessary for accommodating acraft with different
operational characteristics, such as speed range, fuel-consumption rate, climb and descent
rates and angles. and runway-length and -strength requirements.

Even now, handling mixed-performance traffic in congested terminal arm constitutes a
serious problem, but the inevitable and ever-increasing use of VTOL and STOL aircraft in
megapolitan areas emphases that the measres proposed in Recommendation 4 are needed
to ensure that widely varying types of aircraft are operated with safety and efficiency. A
highly accurate three4imensional navigation system coupled with better methods of
processing and displaying navigational-gkuance information Js needed mo that the fight
paths can be flown independently and with sufficient precision to enable separation
standards to be reduced significantly. This will permit more efficient use of existing airports
and, as additional STOL and VTOL landing areas become available throughout megapolitan
reas, will ese (a) the increasing demand on existing jetports and (b) the problem of finding

real estate for additional jetports near the heat of the cities.

RECOMMENDATION 5

---onmdato

All aircraft that come under the active juradiction of ATC or that will seek service from
ATC should be equipped with such devices as will enable ATC to function efficiently for the
particular conditions involved. This is not to say that all aircraft must be equipped equally,
but that each aircraft must be able to perform as required by the system.
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This in mpplmmnts the airqse-D9butume rmmenda~oa of Recom-
mendations 2 and 4. It recognizes the practical need to keep the 'price of admiaion" to
controlled ablqece as low as posie in the interests of a le section of the aviation
community, but impom an obliotion an every participant to meet necemary equipmet
and pilotproficiency sandardi for the particular environment in which he proposes to
operate.

OM ATION 6

"The configuration of the airqzace structure should be capable of being modified rapidly
to accommodate variable conditions, rich a air troffic density, qsecial needs for sit-term
rred blocks of an e or meteoroloic anomalie

Configuration flexibility should be Inherent in the ATC system to provide for efficient
use of the airspace by the various classes of users. While it is recognized that It is desirable to
apply a certain amount of rigity to the airspace structure, the ATC system should be
capsble of accepting dimensional changes by simple selection proceses. Application of such
changes should be controlled procedurally.

RECOMMElNDATION 7

R Pr omendation

The system should enable an operation to be planned and executed on the basis of en
accurate lending time's being allocated in response to a flight plan and should enable this
time to be adjusted quickly and efficiently to meet unforeseen circumstances.

Discusil

Arrival times of sufficient reliability to permit the traveling public and the operators to
plan their activities efficiently re essentiaL Achievement of this reliability implies more user
selfdiscipline in the form of: (a) adequate precoordination to ea= better utilization of the
nmway/time availability, (b) Immediate advice to the system of any changes in flight plans,
both prior to departure and throughout the flight, and (c) acceptance of the fact that
operating and scheduling practices must be adjusted to lees than optimum levels on
occasion. It also implies the existence of an air traffic management system that is capable of
handling, without excessive delay or other penalty to the use, the immense amount of
continuously changing data affecting arrival times. It is realized that a very limited amount
of airborne holding probably will be necessary in very-hihdensity terminal areas to insure
that capacity is fully utilized at all times. The better planning made possible by reliable
arrival times will more than adequately compensate the users for the cost of such holding.

RECOMMENDATION 8

All routine ATC functions - including at least planning, monitoring, conflict
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prediction, and avoidance - should be handled by a suitably constructed and programmed
data processor, with the human ai-traffic controller exercising only a supervisory function.

A major weakness in today's ATC system is the inability of manual control practices to
handle efficiently the current traffic volume in congested areas. Adding more controllers
and segmentation of airspace as traffic builds up merely compounds the problem by
generating unacceptable difficulties in coordination and communications. Modern com-
puters, however, can be programmed to process and communicate at high speed the vast
quantity of information involved. Therefore, widespread automation constitutes the only
feasible method of handling the diverse and ever mounting volume of air traffic predicted
for the years to come. Traffic controllers should be relieved of all routine functions and be
required to discharge only thos duties for which human judgment can be utilized best.
Consequent reductions in workload and stress will lead to more efficient operations and
considerable economies in operating-system costs.

RECOMMENDATION 9

The responsibility for navigation should rest with the pilot, who should have
three-dimensional navigation guidance sufficient to permit him to conduct this task within
the allocated designated airspace. The responsibility for safe and expeditious flow of traffic
should rest with the ATC service, and this service should be based on accurate and reliable
three-dimensional position and identity information for all aircraft of concern. There is a
need, then, for a single overall system of ;esition determination that has sufficient accuracy,
reliability, and integrity to serve both the aircraft and ATC.

Discussion

In today's ATC system, the controller generally uses radar-derived position information
to carry out his function. Also, because of limitations in the existing airways structure based
on VOR radials, radar is used extensively as a navigation tool to provide vectors for the
pilots. This system requires excessive workload for both pilot and controller and also uses an
inordinate number of communications channels, which are in short supply. The navigation
system of the future may depend on ground-, satellite-, or air-derived information, or on a
combination of these. It should be designed as a complete, reliable, and accurate system to
monitor the progress of the aircraft. Aircraft-position information required by the pilot and
the ATC system to carry out their respective functions are identical, since mid-air collisions
only occur when two aircraft are navigated to the same point in space at the same time. A
common system of position determination automatically communicated in digital form to
the ground represents the most economical and efficient means of satisfying both
requirements.

RECOMMENDATION 10

The system should include a capability for the ground data processor to obtain
automatically, without human intervention, and at all times from gate departure to gate
arrival the identity, position, and altitude of aircraft, so that it can handle all traffic with
optimum efficiency and safety.
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Dicussio

This recommendation - and several others - is based on automatic air/pound/air
digital communications. Out, off, on, and in times are required to assist in the control of
airport ground traffic, and to obtain statistical data concerning system efficiency.

RECOMMENDATION 11

Recommendatin

The system should enable the pilot to communicate, via a suitable input device and the
digital communications system, pertinent routine messages to ATC and operational control.
Additionally, all ATC instructions necessary to maintain a safe and efficient traffic flow
should be generated by the data processor and transmitted automatically to the aircraft.
Voice communications should be retained and reserved for specialized and emergency
purposes.

Discussion

Replacing routine ATC voice communications by a digital communications system will
improve safety and efficiency and effect a major reduction in pilot/controller workload.
Further advantages are the elimination of errors due to a fundamental lack of clarity in
voice communications, the ability to exchange information at a faster rate between the air
and ground subsystems, the ability to store information in hard copy or by a similar system
of recording essential information, and conserving the use of the frequency spectrum.
Speedy and reliable digital communications facilitate automatic updating of information
essential to efficient flight operations and ground monitoring of traffic progress.

A discussion paper on communications for a future ATC system is included as
Appendix C.

RECOMMENDATION 12

Recommendation

The system should enable the aircraft to accept and carry out ATC instructions
automatically; the information should be suitably displayed in the cockpit to enable the
pilot to exercise his command function.

Discussion

This recommendation arises directly from the need to reduce workload on the ground
and in the air and to eliminate unnecessary time lags in responding to system demands.
Instructions to the aircraft from the ATC data-processing system should be sent via the
ground/air digital communications system. These instructions should direct the aircraft,
through its airborne computer and navigation system, to proceed to a defined point in
space. As a preliminary step toward the ultimate objective of a fully automatic system, the
aircraft could be guided manually by the pilot after receiving the ATC instructions. In both
manual and automatic modes, the pilot must be kept fully informed so that he can exercise
his command responsibilities and be able to accept or reject the instructions in the interest
of safety or in the event of a malfunction.
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RECOMMENDATION 13

The system should enable the pilot to navigate along any operationally desirable flight

path with the accuracy needed to comply with both ATC and operational requirements.

Disevidozi

Airborne computers provide the pilot with the ability to follow any predetermined
track from takeoff to arrival, with external reference aids providing only sensory inputs to
the computer. Consequently, the complete navigation ftuction can be performed from the
cockpit, and ATC can revert to its purpose of monitoring traffic movement to provide
separation service and organize an expeditious flow rate. The impending importance of
being able to follow three-dimensional flight paths and make curvilinear approaches end
departures renders it necessary also to feed altitude information into the airborne computer,
which can then provide the pilot with the direct guidance to fly such flight paths. This
ability is particularly important to the succes of VTOL and STOL operations, and will
provide an additional separation ingredient for use by the ATC system. A suitable method
of storing in the airborne computer all the information needed to carry out a complete
fliht from gate departure to gate arrival should be developed to reduce workload and
increase efficiency.

RECOMMMNDATION 14

P t ammendatin

The system should permit the use of an aiborne guidauce-and-control system that
displays to the pilot in real time all the information necessary to his command function. The
following information should be displayed:

* Continous geographical position of the aircraft and a continuous guidance command
* ATC clearance, including details and revisions thereto
* Information concerning runways, surface wind, RVR, adverse weather, etc. (available

for display in a recallable form)
* Information on pertinent traffic (displayed in three-dimensional form)

Discussio

The features described in this recommendation are necessary to achieve the flight
precision essential to the most efficient use of available airspace in congested areas. A
suitable display solves the pilot's orientation problems and eliminates the need for controller
vectoring. The visual display of essential flight information will reduce workload and
promote efficiency. Displaying the relative position of adjacent traffic will enable the pilot
to monitor separation and help mali tam a high flow rate in congested arems. Research
should be directed toward developing an integrated cockpit display that enables the pilot to
cary out his responsibilities for guidance and control with the necessary precision.
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UZCOMIBINATION 15

To hincreas system capacity, nxdern te•hnologydsould be usd to reduce separation
standards, consistent with safety.

Discusson

The capacity of a single flight path tnying in-trafi is directly Proportional to
the velocity of the aircraft through the system and invsemely proportional to the @operation.
Sinco velocity bs consained either by airceft perfamance standards or economy measnres,
separation is the major candidate for redetesmination. The current separation atandards
were adopted rather arbitrarily based an the limitations of the existing ground and airborne
systemThis recommendation, therefore, Is predicated on the ability of current technology
to improve detection resolution to a point that separation standards can be reduced
significantly without socrifichig acceptable levels of safety.

Separation is limited fundamentally by the physical sue and the operating charcter-
istics of the aircraft To these basic limitations must be added a factor to account for the
uncertainty associated with imprecision in navigation accuracy, which is a function of
ability to detect distance displacement, velocity, and acceleration. Coupled with the
minimum displacement sensitivities is the aircraft/pilot system's response time required to
restore the aircraft to a prescribed position when a displacement error has been detected.
The ability of the aircraft to maintain prescribed flight paths is a further umiting factor. The
aircraft/pilot system is influenced by such external agents as air turbulence and wind, which
may cause excursions beyond a prescribed route and thus introduce perturbations that
exceed the system's capability to respond. Theme perturbations must be considered in
separation calculations.

An automated ATC system will make greater use of automatic flight control. This will
speed system response and thus increase the precision of aircraft control. The faster
response will decrease the magnitude of absolute correction needed and thus permit closer
control, still within the limits of passenger comfort. The more precise control afforded by
an automated system is further justification for separation reduction.

The real-time system monitoring afforded by a computer-based ATC system should
further decrease separation requirements. The continuing position inputs from each aircraft
under juridiction will enable the computer to detect possible conflicts more rapidly and
thus afford much greater response times. Response time that is found to be in excess of
safety criteria may be converted to an increment .f separation reduction.

Development of separation standards must consider the increased capacity that
elements of the system must accept if higher density is achieved; airport capacity and the
capacity of the ATC system must be evaluated carefully to assure compatibility. Finally, it
will be necesseary to revise the governing rules and procedures to take full advantage of any
separation reduction realized.

In summary, improved navigation accuracy and automation in aircraft and ground ATC
subsystems can be used effectively to decrease the separation standards now in use by ATC.
More efficient use of airspace is essential to the proper development of the necessary flight
paths and landing areas for all types of aircraft that will be operating in congested areas.
This increased efficiency will increase significantly the capacity of the ATC system.
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RECOMMENDATION 16

The system should be capable of hadln aircraft that ae equipped with an airborne
gidance-nd-control ysem for operations to and from suitable runways on all desed
airports und all operational weather conditions.

* Discusson

Effcient and continuous operation on the bads of planned landing times will not be
posible unles all runways can be used under all operational weather conditions. Thi does
not imply that ground-based precisionapproach aids ae required for all runways; it does
mean that runways lacking such aids must be put to maximum use to optimise traffic flow.
Implementation of this recommendation will require naviption systems that adapt to
curvilinear aproaches, e4g., while one aircraft is approaching straight-in to a precision-
approach runway, another curved approach could be conducted to another runway with
proper separation and spa -4 for landing.

This recommendation is related to an airborne guidance-and-control system that insures
a smooth and continuous transition. Today's system does not allow efficient operation to all
suitable runways under all operational weather conditions, even with all approach aids on
the ground operating normally. Due to the lack of backup in the current system, any outage
inevitably will slow up the landing rate, cause traffic congestion, reduce airport utilization,
and may generate a need for traffic divermons.

RECOMMENDATION 17

Sufficient properly designed airports and associated facilities should be provided to
keep pace with the forecasted increase in all forms of air tafc and the more efficient use
of airspce expected from the future ATC system.

Discussion

Airports and asmociated facilities are an essential part of the air traffic management
system. Deficiencies in ATC or airport organization will have a significant effect on system
capacity. Because final limitation to traffic growth is the capacity of the available runways
in instrument conditions, ATC development should be planned to serve those runways at
the maximum rate. A suitable complex of aRPorts of all required types must be planned to
serve the community's aviation interests and those of the traveling public.

All aspects of airport design should receive adequate attention. In particular, methods
of ahieving mamium runway/taxiway usae and of implementing new configurations
capable of handling the desired volume of traffic, including closer spacing between parallel
runways, should be devised. Usable gate space is an important element of airport design and
should always be given full consideration.

Current runway-occupancy times at major airports are too high. The precision with
which aircraft can be predicted to arrive at the threshold and the speed with which the
runway can be vacated govern the number of aircraft that a given runway can handle.
Consequently, an improvement in high-sped exits and in runway entrance systems capable
of being used by future large transport aacraft is desirable.
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RECOMMENDATION 18

Recommendation

There should be a standard automated airport surface guidance-and-control system for
routing and controlling all traffic on the operational meas of the airport surface. Such a
system should provide its position information and guidance commands in a manner suitable
for integration with the aircraft's guidance-and-control system.

The system should function equally well in low visibility or good visibility, at day or at
night, and during snow, slush, or rainy conditions. It should h e the following
characteristics:

SServe all runways

* Serve all taxiways

* Lead to or from parking areas, hangars, gates, or loading areas, but not be required to
function within these areas

* Be properly integrated with the ATC system for the exchange of pertinent
information

* Not rely on voice communications

Be installed at major airports

Discusion

The problem of handling aircraft and vehicles on the surface of a buI, airport is often
neglected. The task involves routing of traffic to establish proper flow, and clearances or
instructions to avoid traffic conflicts or collisions.

Even during the best of weather conditions, and especially at night, it is sometimes
difficult for pilots to identify visually the pertinent taxiways or complicated routin,.
prescribed by "ground controllers" in voice communications. As traffic volume af
traffic-movement rates increase, the tempo of voice communications increases, which
aggravates the situation. Sometimes, when the workload exceeds the capability of one
controller, the function is handled by two controllers - each using a different
communications channel. This necessitates channel changing in the cockpit if the aircraft
proceeds from one controller's area of jurisdiction to another.

In many instances the complete airport movement area cannot be seen by the
controller, sometimes because of intervening structures, and sometimes because of low
visibility weather conditions. Visual perspective is hampered by long distances. As airports
grow larger, the limitations of visual control are amplified

While the number of airport maintenance vehicles on active taxiways and runways is
generally held to a minimum, larger airport complexes will necessitate the use of more
vehicles to keep abreast of routine maintenance. Control and routing of these vehicles must
be maintained. Additionally, emergency vehicles must fiad their way or be guided to
emergency scenes, while other traffic is instructed to give way.

The current system is barely tolerable and it will become increasingly more limiting. An
efficient automated airport surface guidance-and-control system will reduce pilot and
control-system workload, increase airport capacity, and improve saiety.
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RECOMMENDATION 19

Recommendation

Actual weather information and significant in-flight weather reports should be entered
rapidly and automatically into the ground data processor to assist the ATC planning
function.

Disussion

Severe weather phenomena, such as thunderstorms and their associated turbulence and
other flight hazards, can seriously affect the capability of the ATC system, because of user
requirements for rerouting, increased separation, etc.

RECOAMENDATION 20

R iFommnendastion

The ATC system should be capable of continuing in safe operation despite breakdowns
in individual elements of the system. An uninterruptible power system must be provided for
all ATC elements sensitive to power fluctuations.

Diseusion

The increased dependence of ATC on automatic control will require appropriate
reliability. Sufficient component redundancy to provide an adequate safety level and to
prevent serious system disruption because of equipment failure either in the aircraft or on
the ground must be provided.

RECOMMENDATION 21

R emmmenlsatn

The effectiveness of the ATC system should be monitored continously to enable
corrective actions to be undertaken promptly. Daily summary performance data should be
available to system users.

Discussion

Currently, the FAA maintains only cursory and general records of ATC-sssociated
delays These are insufficient for measuring the performance of the system. Various airlines
collect a variety of delay information, but only a portion of such data ever reaches the FAA.
Even then, there is no organized plan for use of this material on a continuing basis.
Consequently, there is no accurate overall delay data that represents impact on the total
aviation industry.

Current traffic counts and hourly traffic data acquired manually by FAA control-tower
personnel require tremendous manpower and often fail to show the necessary breakout of
user categories. Such data are essential for assessing system effectiveness and must be
available on a daily basis.
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CHAPTER OUR

"SYSTEM IMPLICATIONS OF THE RECOMMENDATIONS

The recommendations in Chapter Three were drawn up by the ATCSP to give
guidance on the manner in which the future system should be planned from an operational
standpoint. In the Group's opinion, use of the systems approach that has been employed
successfully in military and space programs i mandatory if a satisfactory long-term solution
to one of the most complex and difficult problems of this age is to be reached. There is no
apparent alternative to the full application of automation on the ground and in the air, with
humans undertaking a passive and supervisory role. Airline managements are well aware of
the coat and difficulty of developing and implementing real-time computer-controlied
systems such as those now used in many of their reservations, communications, and
flight-operations departments; at the same time, they are aware of the reductions in
manpower and increased efficiency achieved by such systems. The reasons for applying
computer-based data processing to these systems are similar to those that now prompt the
ATCSPG to recommend that the future ATC system use this type of data processing on a
grand scale. There are two distinctions to be made, however: (1) the ATC system's needs are
far more pressing than were those of the other systems mentioned, and (2) in the ATC
system, there can be no compromise with reliability or integrity, since one of the system's
essential services is the provision of safety.

It is realized that certain details of the very sophisticated airborne guidance-and-control
system that is advocated may be difficult to design, even in this era of advanced technology.
Small solid-tate computers, linked directly to the aircraft's automatic flight-control system,
will be the operational heart of the airborne subsystem. At high speed and in real time, they
will process instructions from the pound computer system and navigational data from
appropriate sensors, and actuate integrated cockpit displays required by the pilot. Integrated
displays that provide the pilot with all th. data needed for his command function will
become increasingly important as the airborne subsystem's capability is developed. There is
a real need for imaginative design efforts in this very important field. Airborne computers
and pround computers will communicate directly with each other via a digital data link, and
pilots will be able to communicate with either computer through a suitable input device.
The very promising position-determination systems that will use satellite technology, the
thimefrequency techniques being considered for CAS application, and the variety of
trilateraton systems being discussed should be studied thoroughly and a Government
decision reached on the most suitable methods for replacing existing navigation systems and
primary and secondary radar systems to meet future requirements of all airspace users, both
civil and military.

The responsibility for navigation should rest with the pilot; the responsibility for
ornizing a safe and expeditious flow of traffic should rest with the ATC controller. The

exercise of both responsibilities requires reliable, accurate, and continuous aircraft-position
determination in both the horizontal and the vertical planes. The degree of accuracy and
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continuity required by the pilot and the controller is a function of the desed separation
standards, and must enabh those standards to be applied in a safe fashion. To hold to a
minimum the cost of operatin an efficient and safe ATC system, a single system of position
determination that serves the requirements of both pilot and controller should be used.

The ability to measure accurately the vertical distance between adjacent aircraft and to
improve altitude measurement should be sought vigorously. To accomodate =mall, private
aircraft, a lightweight, low-cost airborne beacon should be developed, so that at least the
identity, altitude, and position of every aircraft in controlled airspace can be obtained on
the pound. To reduce landing and takeoff constraints imposed by reduced visibility, better
operational capability must be sought; aircraft operations should be segregated according to
aircraft performance characteristics, class of ATC service required, and equipment aboard
the aircraft. To use airspace economically and all runways to maximum capacity in
congested areas, a multiplicity of closely spaced non-conflicting flight paths must be
established; these should be L sed on effective coordination of user interest and system
requirementL The ability to follow such paths and to meet a predetermined arrival time
without excessive workload for the pilot or ATC controller is an essential element of the
airborne guidance-and-control system advocated by the ATCSPG.

The ground ATC subsystem will function around a data-processing complex pro.
grammed to receive and handle all the data required to monitor the traffic flow and to
generate the displays and information needed by the controller in his new supervisory
capacity. The ground data processor's information concerning the position of individual
aircraft could be transmitted automatically to airline control centers for planning and
passenger-information purposes.

The new ATC system should be designed with the objective of placing the responsibility
for compliance with its management requirements firmly in the cockpit; the ground
subsystem should be concerned only with planning and monitoring the traffic flow. The
ATCSPG believes that the disadvantages accruing to the operators by the imposition of a
greater measure of discipline will be outweighed by the beneficial increase in terminal-area
capacity and the establishment of multiple enroute flight paths. The latter benefit will result
in significant economies in fuel and time because of optimum aircraft utilization.

Airports and their facilities and the traffic capacity of the airspace must receive
balanced consideration, because either or both can represent the final limitation on traffic
growth. VTOL and MTOL aicraft must use the same air traffic management system as
CTOL aircraft; consequently, the future ATC system must meet the special requirements of
these aircraft.

The ATCSPG is well aware that the lam costs involved in developing, procuring, and
installing airborne equipment may be so high that airline management may decide that some
of the recommendations cannot be implemented. However, the members of the Group are
convinced that modern technology can meet the requirements of the airlines and other
users. They feel obliged, therefore, as members of the airlines' operations community, to
express what they honestly believe to be necessary if the aviation industry is to have any
chance of achieving healthy and unrestrained growth. It may well be proven that, for
economic reasons, such growth is beyond achievement, but much more knowledge and
study than the Group is qualified to apply is needed before the economic aspects of the
possible future systems can be properly assessed and management decisions reached. On the
other hand, the ATCSPG believes that the consequences of continuing the policies of drift
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that led to last summer's air-transportation debacle may be more unacceptable to the
aviation industry than bearing its shr of an acceptable ATC system.

In essence, the ATCSPG's recommendations represent a broad conceptual description of
the air traffic management system it believes should be developed and implemented as soon
as practicable. Every effort has been made to express what the members' experience in
operating transport aircraft convinces them is needed, and at the same time to stay away
from restricting system designers by suggesting details of how the objectives can be met.
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CJHATR FIVE

THE TRANSITON PERIOD

The ATCSPG's recommendations are intended to describe a totally new system of air
traffic management, but the practical difficulties of introducing all the elements
simultaneously are recognized well. For many reasons, the various features of the system
should be introduced in a series of logical steps that give due regard to providing immediate
benefits to the traveling public and the operators. It is particularly important that the
measures required to improve system capacity be planned in a manner that enables ground
and airborne subsystems to be introduced in a balanced and orderly fashion. Since the cost
of the new or improved equipment and the cost of removing large and expensive let aircraft
from service to install it will be very high, it would be unreasonable to expect operators -
whether airline, civil, or military - to undertake the expense unless there were known,
tangible benefits to be derived. Consequently, not only must there be a realistic assessment
of the expected advantages, including the effects on safety and economy, but ground
subsystems must be operational in time to permit operators to take full and immediate
advantage of the additional capability they have gone to the expense of installing.
Furthermore, since planning modifications to a fleet of modem aircraft is an extremely
difficult project, notice of ATC requirements involving airborne-equipment changes should
be given as far in advance as possible.

An essential element in the introduction of a computerized control system is the
availability of an automatic digital communications system. A firm recommendation to the
FAA that planning details of such a system should be commenced immediately was made in
March 1969, after approval by ATA's Operations Executive Committee. Because such a
system will require international endorsement, almost certainly it will be several years
before the ATC system will be able to use it. However, airline experiments with a system of
automatic digital communications for operational-control purposes have already com-
menced and will provide valuable experience.

The greatest benefits to operators in the immediate future will be realized from
airport-facility improvements that increase ground capacity and in improvements in
navigation capability brought about by the introduction of area navigation. The latter
improvement will be realized by the adoption of ATC procedures that take full advantage of
the flexibility that the area-navigation concept offers in selecting and following non-
conflicting flight paths in terminal areas and by fuel and other direct-operating-cost savings
that result from taking more direct paths in the enroute phase. To implement area
navigation (a) an airborne computer, (b) an appropriate display of geographical position in
the cockpit for pilot orientation purposes, and (c) inputs from navigation sensors of
adequate accuracy are all that are necessary. The current network of VORTAC facilities
should be used for area navigation but it must be improved to the practical limits of its
capabilities. It is desirable, for economic and practical reasons, that existing ground and
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airbome equipment be used until and unleo the need for an improved guidance system
becomes apparent - Le., when deficiencies in navigation ystems prevent aircraft from being
operated with the precision required to ums airspace and airports efficiently.

The ATCSPG recommends that airline manahement give serous and urgent consider&
tion to the development of an orderly plan for an economical and properly phased program
of flight-deck design. Such a plan diould be baned on the probable necemity to use
area-navigation routes and procedures in high-density areas in the near future. It should also
facilitate the progressive incorporation in logical steps of all the improvements recom-
mended for the airborne subsystem, starting from the relatively ample requirements for
flying area-navigation routes to the sophisticated guidence-and-control system that the
Group believes will become necessary in the years to come.

The FAA should use all moder forms of simulation, in both rel and fast t•me, to
acertain how current practices can bes be revied, without lowering salety standads, to (a)
increae system capacity, (b) reduce dependence on radar vectoring, and (c) reduce route
mileage flown by operators.

The hazard of mixed VFR and IFR traffic in marginal weather conditions in conested
areas is caume for major concern. The recommended airspece restructuring was devied after
very long discussion, during which every attempt ws made to find a feasible means whereby
aircraft of different performance and equipment standards could be separated, provided
certain fundamental ATC requirements were met. The ATCSPG strongly urges that the FAA
take immediate action on thi very important issue.

The necessary procedures to utilize efficiently STOL and VTOL aircraft to obtain
maximum benefit from their inherent advantages for certain purpose should be developed
urgently.

The capabilities of airborne ATC transponders to assist ATC during the transition
period should be exploited to the fullest extent. The identity, position, and altitude data
they can provide is a major factor in improving today's manual ATC system.

Pending the implementation of the fully automatic ATC system, it is essential that
energetic action be taken to effect all pomible improvements in today's manual system.
Recommended courses of action include the extended use of computers and digital
communications, and providing better radar equipment, better displays, a better VORTAC
system, visual airport surface guidance-and-control systems, and more flexible procedures.

Airport deficiencies must be corrected as rapidly as possible and difficult decisons on
the positioning of new jetports where the need is urgent must be tackled with
determination. STOL and VTOL ground facilities and reliever airports must be established
as required. Currmt plans to implement improved automated visual runway ad taxiway
guKidnce systems should be pursued.

During the period of transition from the current ATC system to the recommended
system, the following steps, which summarize the foregoing discussion, should be taken:

1. The new ATC system should be introduced in a series of logical and orderly teps
that consider cost versus advantages to be derived by the users and the traveling
pubic.
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2. Implementation of the elements of the system must be well coordinated to
maximum compliance; ample lead time must be provided to effect a weli-plenned
installation propam.

3. Operators who undertake the expense of installing unproved airborne equipment
must be assured that sufficient operational advantages can be derived from the
additional capability.

4. FAA should begin immediate planning for digital communications as an essential
step toward an automatic ATC system.

5. ATC rules and procedures must be modified to permit aircraft equipped with ma
navigation to take full advantage of this capability.

6. The current network of VORTAC facilities should be used for ar navigation and
must be improved to the practical limit. of it. capabilities.

7. Improvements in existing airborne VORTAC equipment must be made, within
practical cost limitations. to achieve peater advantage of the system concept.

. Derable flihtdeck modifications moleated with new airborne navigation and
automatic digitalommunications concept. should be determined.

9. The FAA should use all frms of simulation in both real and fas time to ascertain
how current practices can bet be revised to increase system capacity and efficiency
without lowering safety standards.

10. Immediate action should be taken to restucture the aspace to permit aicaft of
different performance and equipment standards to be separated, provided certain
fundamental ATC requirements are met.

U. ATC procedure should be developed to utilize efficiently the inherent advantages
to STOL and VTOL aicreft.

12. STOL and VTOL pround faciities and iever airports must be established as

13. The capabilities of current ATC transponder, and automated features of the system
should be fully developed to improve the ATC system.

14. Airport deficiencies must be corrected rapidly; sggresive action should be taken to
locate sites for needed new airports and to build them.

15. Current plans to implement improved automated visual runway and taxiway
guidance system should be pursued.

In conclusion, it is essetial that action be taken to effect all possible improvements in
today's manual system, pendig the implementation of the future automated system.
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SYST•M IMPLEMENTATION

If the potential value of this report is to be realized, the rommendations it contains
must be tanslated into action without delay. Many of today's problems would have been
solved long ago if the recommendations of previous reports had been fully implemented in a
timely manner. For a satisfactory system to be implemented, the steps summarized in
Figure 1 appear to be necessary. A possible detailed delineation of these steps is presented as
Appendx D.

Definition of This report, along with details of user
De fUser Requirement requirements, will provide a bas for the

initial definition of system requirements.I Government review and subsequent budget
approval wil provide the backing necessary

Definition of Initial System to start system development. A final defini-
tion of the system concept and subsequent

I u review will be required. Action can be
Government Review and Budget taken then to begin the system develop-

Approval ment and acquisition process. System im-
plementation is the final step leading to a
functioning system. It is estimated that the

Definition of Final Concept process described, even if performed with
DFmaximum efficiency, would require ten
years. It is therefore of paramount import-I ance that all concerned pursue the program

User Review vigorously.

The ATCSPG recommends wide dis-
semination of this report to all the relevant

Development and Acquisition of sections of Government and industry. Be-
the System cause the responsibility for operation of

the ATC system is by statute assigned to
the Department of Transportation (specif-

Implementation and Use of the Sytm icaily the Federal Aviation Administrator),
f : I Government agreement with the recom-

mendations is essential if they are to be
adopted, translated into workable plans,
and implemented as funded programs that

Figu-e 1. ACQUISITION PROCESS FOR satisfy the requirements of all civil and
AN ATC SYSTEM military users of the system.
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The ATCSPG recognizes that the Department of Transportation and the Federal
Aviation Administration must take into account the lsgitinate needs of all users of the
airspace. Consequently, conversations took place in April with the Aircraft Owners and
Pilots Association, the National Business Aircraft Association, and the National Pilots
Association. The result was a gratifying mesure of broad agreement expressed in a joint
statement by these general aviation organizations and ATA (see Appendix E). As already
mentioned, representatives of the military users and the FAA participated directly in the
Group's work and made many valuable contributions, which are included in this report.

The ATCSPG believes that the airlines, through the ATA, should seek prompt action at
the highest levels of the Department of Transportation, the Federal Aviation Administra-
tion, and appropriate airport authorities to implement as soon as possible an Air Traffic
Management system that complies with the recommendations contained in this report. A
continuing process of monitoring by Government and industry will be necessary to insure
that the objectives finally established are properly served during each step of the new ATC
system's development - from the initial design stage through procurement, evaluation, and
commissioning for operational service. Realistic time scales should be set and every effort
made to insure that they are met by taking advantage of military experience in the
development and implementation of systems of comparable magnitude.
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APPMENDX A

MEMBES, OBSERVERS, AND PARTICIPANTS:
AIR TRAFFIC CONTROL SY81ZM PLANNING GROUP

Mr. E. W. Pike (Chairman) Mr. Glen E. Hendrix
Director - Air Traffic Management Director - Airport and Air Traff Smvices
Mohawk Airlines, Inc. Piedmont Airlines, Inc.

Mr. S. L. Seltzer (Vice Chairman) Mr. S. G. Lee
Director - Air Traffic Control Research Director - Flight Regulations
American Airlines, Inc. Northwest Airlines, Inc.

Mr. J. P. Watterson (Secretary) Capt. T. Oakes
Manna, Arspace & Aeronautical Information Director - Flight Operations Capability Projects
Air Transport Asociation of America Eastern Air Lines, Inc.

Mr. Warm Pucigna Mr. T. R. Poole
Vice President - Administration System Director - Flight Dispatch
New York Airways, Inc. Trans World Airlines, Inc.

Mr. V. R. Fulmer Mr. J. D. Smith
Superintendent of Dispatch Director - Air Traffic Management
Pan American World Airways, Inc. United Air Lines, Inc.

OBSERVERS

Mr. R. C. Boebel Mr. W. C. Fuchs
Air Traffic Specialist Heed, Systems Requirements Branch
USAF AFXOXYA, Flight Division OPNAV, OP-534

L. N. Douglas Mr. J. J. Lee
ATC Specialist Director, Transport Aircraft Council
Federal Aviation Administration Aerospace Industries Amociation of America

Mr. C. E. Dowling, Jr. Mr. B. L. Retterer
Chief, ATC Procedures Branch Deputy Manager - Engineering, E.D.
ATC Development Division ARINC Research Corporation
Federal Aviation Administration
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PARTICIPANTS

L. Achitoff Mr. L. D. Goolsby
Port of New York Authority National Aeronautics and Space Administration

T. G. Angelos W. T. Hardaker
United Airlines Air Transport Association

J. S. Anderson Lt. CoL W. Haskell
Aeronautical Radio, Inc. United States Marine Corps

R. R. Bohannon E. L. Holt
Pan American World Airways United States Air Force

A. Browde W. A. Jensen
McDonnell-Douglas Air Transport Amociation

W. W. Buchanan R. C. Jones
Aeronautical Radio, Inc. Aircraft Owners and Pilots Association

Lt. Col. Cantlebury V. J. Kayne
United States Army Aircraft Owners and Pilots Association

W. G. Cumber W. D. Kies
American Airlines Federal Aviation Administration, E.R.

G. Cunningham D. C. King
Air Transport Association ARINC Research Corporation

R. Day J. King
Pan American World Airways Delta Airlines

J. A. Dufficy C. R. Knight
Federal Aviation Administration ARINC Research Corporation

W. Ferrari W. T. Kolmbach
Mohawk Airlines Delta Airlines

R. F. Frakes E. Link
Federal Aviation Administration Mohawk Airlines

D. Garrett M. Link
Delta Airlines National Pilots Association

F. Gedicks R. W. Manire
TRW Air Transport Association

G. Gilbert J. V. McGinn
Butler National Air Transport Association

L.A. GoIdmuntz B. F. McLeod
Department of Transportation Pan American World Airways
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W. W. Moss E. Sellers
Pan American World Airways United States Air Force

J. Murcklin R.G. Smith

TRW Pan American World Airways

R. M. O'Brien R. H. Smith

Federal Aviation Administration Air Transport Association

W. G. Osmun J. Stultz

Air Transport Association Sikorsky Aircraft

D. Otten J. F. Taylor

TRW ARINC Research Corporation

R. Parke T. S. Terry

National Pilots Association Southern Airways

Lt. Col. Phillips C. F. Timmerman

United States Army Air Transport Association

A. F. Pitas M. E. Topping

Air Transport Association Eastern Airlines

S. B. Poritzky A. TrammeUl

Air Transport Association National Pilots Association

H. E. Prew H. Warner

Aerospace Industries Association National Business Aircraft Association

J. T. Pyle H.G. Weiss

Aviation Development Council Massachusetts Institute of Technology

K. Rhead F. C. White

United Airlines Air Transport Association

J. B. Rivera J. Wiley

ARINC Research Corporation Port of New York Authority

C. E. Rogers J. Woods

United States Navy National Business Aircraft Association

J. M. Ruddy
Massachusetts Institute of Technology
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APPENDIX B

CHARTS CONCERNING AIR TRAFFIC GROWTH,
OPERATIONAL DELAYS, AND FACILITIES FUNDING
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Fiure B-i. 1968 DELAY COSTS (BY TYPE) OF MEMBER AIRLINE A

"Figure B-2. 1968 DELAY COSTS (BY MONTH) OF MEMBER AIRLINE B
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Ftgmn B--. CHANGE IN SCHEDULED BLOCK-TO-BLOCK TIME

Fiuue B-4. AIRCRAFT IN SERVICE - U.S. AIR CARRIERS
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Figue B-5. SCHEDULED-PASSENGER TRAFFC - U.S. CERTIFICATED ROUTE
AIR CARRIERS

FPlom B--6. ACTIVE GENERAL-AVIATION AIRCRAIPr
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Figure B-7. AIRCRAFT OPERATIONS AT AIRPORTS WITH FAA ATC SERVICE
(Operations Include Ths of Air Carriers, General Aviation and
Military, Both Loca and Itinerant)

Figure B-8. FAA FACILITIES AND EQUIPMENT FUNDING
VS. AIRCRAFT OPERATIONS

B-5



290

APPENDiX C

COMMUNICATIONS RZQUIRZMENT FOR AIR TRAFFC CONTROL*

Thisapend Requtlenesaanalts. poesfrdhngtcommu mescationqire

1. ! fonp Deahton Reebasiccncp nddfn isbd functions

4. Eughneering Analysis Define alternate system conepts (hardware rqieet)t
meet the communications needs of the major functions

5. CostEffectiveness Trade Offs. Perform cost/effectiveness trade offs of the system
concepts defined

The discussion that follows is made In the context of the basic Air Traffic Control
concept that has emerged from the discussions of the ATA'. Air Traffic Control System
Planning Group. This concept comprises an aireraf I equipped to navigte in three
dimensions and to fly pre-estmblisbed tracks with his position on such tracks maeknown to
the ground ATC subsystem via a data-lik. Such positive identification permnits more
extensive use of computers for the ground-control function of the ATC myste. The concept

4 ~is illustrated in Figur C-1, which notes the possible role of satellites in ATC

The five steps in systm definition and. analysis are discussed in torn in the following
sectons.

CONCEPT DEFINITON

It is the objective of this step to translate the basic ATC concept into a seris of
functional areas for which operational responsibilities can be esftblihed. Figures C-2, 3,
and 4 present gross functional definitions of the airborne, pound, and airline-interface

mabaystems, respectively. The figures represent preliminary analyses, and obviously require
refinement. They are presented only to illustrate the analysis procem and are not necessril
Indicative of desirable configurations.

vrhk appendix b a summary of a dbeaulo. psper pssssntsd to the ATCSFG.
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Air Thifi CottrOl

Figure C-1. AIR TRAFFIC CONTROL COMMUNICATIONS LINK
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Pio aaPilot Data .. .- ,

Entry Set DisplayBORNE.SUSY..EM-OR.AN.A..SYSTE

Navigation Computer Flight
e enso v r i t eo Control Sysetem

pata Ld a a y
Encoder/Decoder •

Flom' C-2•. AItRBORN SUBSYSTE FOR AN ATC• SYSTEM

The keystone of the airborne tesubsystem, hown in Figure C-2, is the general-purpose
computer. The computei accepts inputs from the navigation sensors to permit navigation
in three dimernaons; it can also provide steering information to the pilot or, assuming
eventual FAA approval, direct inputs to the fligAt-control system. The computer can also
format information for the data-link, which, in turn, will pass the position and identification
information tom the iraft istreceivthe ATC system. Complementary items include the
pilot's data display and a data-entry get.

Two major functions are identified for the ground subsystem, shiown in Figure C--3.
First, there is the executive-control computer that is charged with receiving flight plans,
determining their acceptability, developing and maintaining flow-control procedures, and
coordinating these requirements throughout the ATC system. With established tracks, the
area-track computer function will come into play as the flight departs and progresses into its
schedule. The area-track computer receives information from two sources: position
information from the aircraft is received via the communications system's data-link and,

simultaneously, the independent area-surveillance system receives duplicate information via
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Daca Ara Track Communications
DataComputer System

IBI

Figue C-3. GROUND SUBSYSTEM FOR AN ATC SYSTEM

e made by te computer by comparing the tracks for co en. Then comparison of
current poaition to pr~e-esablished tracks will be made. Also, computations concerningfuture cell occupancy will be made and posible conflicts determined. The track computer
will issue appropra'te instructions to correct deficiencies found in the tracks being followed,and to avoid conflicts with other aircraft The human controller will monitor the system,
intmeceding where required to insure that it operates in a smooth, efficient manner. Thecommunications system will interface in turn, to other ATo units.

The third segment of the hypothesized ATO system (Figure 0--4) is the airline-interfaceubsystem, which centers around the ailine operatcons and the dispatcher. Again, a
computer formsitf h hea tothe subsystem. Its functions include flight planning, aircrft
ruting, and monitoring of in-flight progress. The data-link and the communications system
tied to the operations computer provide a dynmfic link that permits real time coordination
between dispatcher and aircraft flow.
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Flight Plann

computer s

Entry Monitor
Set
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P4Iue C-4. AIRLINE INTERFACE SUBSYSTEM FOR AN ATC SYSTEM

OPERATIONAL ANALYSIS

Having established a functional system that stisfies the ATC concept, the analyst can
now study the operational sequence a a prelude to identifying data requirements. Fiu
C--5 presents an example of an operations analysis for the ma-track function of the ground
subsystem. The analysis begmn with the recognition of a flight plan, which is entered into
the computer as a track profile according to which an aircraft must be at a given point in
space at a given time. The operational analysis proceeds by identifying each function that
must be performed and showing actions that must be taken in the event of a given situation.
An analysis such as this must be performed for each major function of the ATC system.
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DATA-TRANSFER REQUI MM TS

For the system to perfom the vaziou functions defined in the operations analysis it
must have certain information. Table C-1 shows an analysis of the requirements for the
area-treck function; data to be developed in the aircraft and bnumnitted by the data-lk ae
lited along with columns for subsequent Insertion of the required frequency of tansmisson
(see below). Theme data would provide for position reporting, back change, track-change
authorization, track-change execute, back clearance, etc., which we considered to be basic
penlneters

Another part of this task is the Identification of the number of bits associated with each
pramenter. The accuracy and granularity to be associated with each pmrmeter, and the
frequency (number of repetitions per unit of time) at which each is tansmnitted must be
established. The frequency of repetition will depend on the aircraft's location in the flight
profile - departing, enroute, or on final approach. A further input to the data-tander
requirements will be the number of aircraft being controlled; inputs from taffic-density
projections would provide useable estimates for this input.

ENGINEERING ANALYSIS

With a functional definition, and the data-tansfer requirements established, analysis
now turns to the engineering implications of the system.

Translation of communications requirements into system specifications requires a
thorough engineering analysis. For an ATC system this is particularly true, since accuracy
and timeliness of the data tander is mandatory. In this section some of the problems
associated with providing an ATC digital daft-link between the ground and an aircraft either
on the ground or in flight are discussed very briefly. First, two modes of communication are
considered: direct link and satellite-relay link. This is followed by subsections concerning
signal-to-noise margins modulation methods, digital techniques, and circuit demand.

Direct Link

At VHF and UHF frequencies there is little refraction and diffraction of radio energy
and, consequently, reliable communications are bounded quite sharply by line-of-sight
considerations. •hus, extended ranges are posible only at the higher altitudes and,
unfortunately, even the highest aircraft altitudes do not afford very peat raniges, as
evidenced by the following table:

Altitude Ground Radio Range
(Feet) (Miles)

10K 123
20K 178
30K 212
40K 248
50K 276
60K 300
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Table C-il. DATA-TU.ANSUIR XQUIEMINI FOR TFIE
AREA TRACK nINCTION

DtaWLink Frequency of Tratumleeon
Dafta Element Direction (Repetitions per Minute)

____ Depont Enroute Approach

Positio Air-Ground
Identification Code
Track Number
Latitulde
Longitude
Altituide
Latitude Rate
Longitude Rate
Altitude Rate
Time

TrakChang Request Air-Ground,
Identification Code Ground-Air
Track Number
Depart Longitude
Depaot Latitude
Depart Altitude
Depot Time
way Point No. Latitud
Way Point No. Longitude
Way Point No. Altitude
Way Point No. Time
Entry Way Point Latitude
Entry Way Point Longitude
Entry Way Point Altitude
Entry Way Point Time
Change Priority

Track~lauge Authorization Air-Ground
Identification Code
Track No.
Authorization Code
(Repeat Change Data)

Track-aang Execute Air-Ground
Identification Code
Track No.
Authorized Code
Execute Code
(Repeat Change Data)

Track-Clearance Ground-Air
Identification Code
Track No.
Clearance Ahead
Clearance Behind
Clearance Above
Clearance Below
Clearance Right
Clearance Left
Track Time
Time Difference
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Some Increases In the above ranges can be caused by ray bending and the location of the
ground antena at a non-saro height; on the other hand, coverage dadows can be created by
hilly terrain swnmundng the antenn& In any cae, the mximum range for reliable
communicaton will be approximately 250 mIle Thus, the relatively short range
(compared to that of a satellite-relay link) and the low path lomes Involved allow the use of
simpler - and therfore Is expensive - airborne and pound terminals.

Since sustained maneuvers at large roll and pitch angles are unusual during commercial
operations, lower hemispherical antenna coverage will probably be sufficient for the aircraft,
and averae antenna gains on the order of 3 dB are likely. The ground terminal would
require upper hemispherical coverage and should also exhibit an average antenna gain of
approximately 3 dB.

Digital communications are more sensitive to multipath problems than are voice
communications, and this problem must be considered, even for a direct link. The problem
will be discussed in connection with satellite-relay links, since it is of greater magnitude
there.

Sateflite-Riay Link

Currently, synchronous satellites dominate the planning of satellite-relay links. Their
prime advantage lies in the fact that three symmetrically-placed satellites can provide
complete global illumination, except for two small, approximately triangular regions at the
poles. Their use, however, involves two major transmission disadvantages: path loss and
mupMh.

Path Loss

The synchronous satellites are at an altitude of 22,000 miles above the surface of the
earth and the longest ground/satellite path involved is about 26,000 miles. The large path
losses implicit in radio trasmnission over such distances must be compensated for in the
characteristics of the transmitters, receivers, and antennas.

A half-beam width of approximately 20* is required for a satellite to illuminate the
surface of the earth and no more; this implies a theoretical satellite antenna gain of 22 dB.
The airborne antenna would of necessity have upper hemispherical coverage with a gain of 3
dB. The satellite/pround link is consideribly less critical, since the fixed position of the
satellite relative to the ground station allows use of a highly directional and, consequently,
high gain antenna; furthermore, high-power tramsmitters and low-noise receivers can be
justified economically at the relatively few ground terminals required.

Multiph

Multipath problems are caused by energy's traveling from the trasmnitting antenna to
the receiving antenna by diverse paths. Direct energy will travel in a straight line between
the tra•smitting and receiving antennas, while interfering - or reflected - energy will make
the transit via a bounce off the earth's surface. In linearly polarized systems, interference is
constructive or destructive depending on whether the phase difference between the direct
and reflected waves is an even or odd number of half cycles. The phase difference is
determined by the phase of the reflection coefficient and the length of the reflected wave's
path. When the direct and reflected waves are completely out of phase (destructive
interference), the net signal amplitude at the receiver is decreased in proportion to the the
magnitude of the reflection coefficient, which is never greater than 1.

0-9



LUnd. muitlpath conditions. urss of circuarlyf polarized ftesmnittirc and receiving
antenna Is signimcarity beneficial to comnctosover the arithre rgw of look momle
Other methods of combating multipath problema are hamed oa the fact that If two

cauneatonsclmannls fade lisdpendently and wit the mame probability (Pf - 0.011,
the probablift of the two fading smteultaneoumly is 0.0001. Indepandant fading of the two
(or more) chiannels - the essuctimi charcteristic of theme methods - -a be achieved by
several techaniques: space diversity, time diversity, frequency diversity, mangle diveasity,
polarization diversity, and rake. Each of these techniques delivers the desired signal to the
recaeive on two or more chuaunla; the receiver then selects, from moment to momkent, the
chandelitht is delivering the strongest signL

Signalo-No-lee

Aasuming a noise figure of 3 dB for the aircraft receiver, a noise buadwklth of 15 kHz
(corresponding roughly to a 25-kHz channel spacing), and a required signal-to-noise ratio
(including margins) of 40 dB, the required power level at the recelver is -137 dBW, which
requires the foflowing tranimitted powers:

Frequency Power Requirement
Fromn Satellte From Ground

100N[Ha -28d13- 200 W 2dB-1.6W
1 G~z 48 dB -20,000OW 22 dB -160 W

Theme calculations axe equivalent to determing the trarnmitted power required to
provide a 1O.-aV signal to the receiver input.

Mouato Methods

In the cume of the down-link from a synchronous snatellite to an airoraft, the transmitter
power required - m listed in the above table - is awkwardly larp, especially because the
power listed is that required for one channel, not for the total satellite. This requirement
yes based on simple binary on-off keying (00K) which, like the analogous amplitude
modulation (AM), is simple to implement but relatively Inefficient. Consequently, the
optimal system will probably use a more sophisticated modulation technique: it makes
economic sense to trade off increased end-equipment complexity and bandwidth against a
reduction in the required transnitter power. Possible modulation methods are binary
frequency shif keying (P9K) and phase shift keying ("K). Completely coherent detection
is possible with both theme methods, but its advantages probably do not judtiy the coat of
the complex equipment required. For the ATC communicationt system, Incoherent
detection Yith FSK or a method referred to = differentiafly-coherent Phame shift keying
(DPSK) would probably be aultable. Thke latter method has been used very muccemftufy in
the Co~llns "Kinelex HF dt-comncain system.

DWW Techniques

Doe to the requirement for dafta accuracy in air tmaMi control, the choice of the data
tanmimion format ls critical. Items to be considered inclutde:

-Word structure -Logic level
*Lmafuage (lDW, BNR) a Iyndonlation
-Parity checking -Error detection
Tr1ansmission order -Redundancy
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Some form of error detection, such as parity checking or gray code, is eusstlal. More
sophisticated techniques are available but the choice must depend on a trade off between
cost and performance - maintenance of safety, of course, represents one of the limits in this
trade off. Considerable work in this ar has been done by RTCA and AEEC, but further
study of the subject, as it relates specifically to the ATC system, is recommended.

Circuit Demands

A final engineering area to be considered is that of circuit loading and the determination
of required channel capacities. The judgements to be made include:

Should ATC data-link channels be dedicated solely to ATC or should they share with
other functions?

* Should aircraft be called selectively to report position or should they report
randomly?

* How many channels will be needed to meet immediate needs; how many to
accomodate system growth?

These questions can be answered by use of operations research models; the
characteristics of the system can be introduced and the consequence of a particular choice
determined. For example, the problem of multiple random channel users can be readily
examined. The probability (P) of no overlap for n signals (from n aircraft) within a period T
with each signal having a duration, k, is equal to the following:

n n-i

S (n- I)k] (T- k9-I [T+(n-I)k] [(n-n)kn ] [nT-)(n-1)2 k]

T TI-[(n ) n-i1[T-(n )k
Thus, with knowledge of the number of aircraft expected to be operating on the same

frequency in a common reception area, the likelihood of interference (overlap) of
transmitted data can be predicted. Alternate schemes, such as sequential polling, may be
evaluated to determine channel loading, and ultimately to establish channel requirements.

COT/EFFE IVENESS TRADE OFFS

The foregoing sections have described the process by which a concept for ATC
communications is translated into functional elements. These functional elements are in
turn interpreted in an engineering sense and hardware requirements are established. With the
establishment of the hardware requrements, it is possible to investigate the costleffective-
ness aspects. This process requires that each hardware element be subjected to a cost
analysis. Additionally, it should be established that the current technical state of the art will
support the technical requirements defined. A further part of this analysis entails relating
the defined hardware to the existing system and establihing what evolutionary process
would be necessary to make the transition from what now exists to what is described.
Following thi, the system reliability that is inherent in the established concept should be
determined. With these factors in clear focus, it Is possible to exercse judgements
concerning the proposed system. It is quite possible that revisions will be required to the
original concept based on findings established throug the cost/effectivenes analysis
outlined here.

C-11
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The cost/effectiveness analysis coupled with the functional, operational, and engineer-
ing analyses described in previous sections repmmets system architecture. The ten major
activities diagrammed in Figure " comprise a typical systemwachtecture program. The
first six are of specific interest to this discussion and may be summarized as follows:

1. Define the client's technical requirements and resource constraints

2. Hypothesize feasible system configurations that may atisfy the requirements and
constraints

3. Perform effectiveness analyses of the hypothesized configurations to identify those
that can meet the requirements

4. Perform cost analyses of the hypothesized configurations to identify those that can
meet the requirements.

5. Select the optimum configuration by performing cost/effectivOness nases

6. Prepare system specifications based on the optimum configuration

The effectiveness of a system is a quantitative measure of its ability to satisfy a set of
requirements. It is a function of three major system attributes: availability, dependability,
and capability. Quantification of system effectiveness according to this framework provides
one of the three inputs to cost/effectiveness analysis. The second input, of course, is cost
and the third is leverage effects, which may be characterized as indirect advantage or
disadvantages of the system that are not formally covered in the requirements-and-
constraints dossier: good expansion capabilities, for example, might provide u-qitive
leverage in the form of potential future savings.

A system's availability and dependability are functions of its reliability and maintaina-
bility. Complexity, quality of material, quality of workmanship, and degree of redundancy
in the design are the major influences on reliabity. Maiuitainability is a measure of the
facility (speed) with which the system can be restored to service after a failure; design
features and the extent of operation-monitoring provisions are the major influencing factors.
Capability is a measure of how well the system performs in terms of data ratios, range,
system flexibility, etc.

The cost/effectiveness analysis of the proposed communications system not only
provides guidance towards obtaining the most cost-effective system, but also provides
valuable inputs to justifying the system to airline managements and the Government
agencies involved. Accordingly, the importance of this step cannot be over-emphasized.

C--l1
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APPENDIX E

JOINT STATEIENT BY USERS OF CIVIL AIRCRAFT
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Way 9, 1969

The Honorable John A. Volpe The Honorable John H. Shafer
Secretary Administrator
Department of Transportation Federal Aviation Administration
800 Independence Avenue, S. W. 800 Independence Avenue, S. W.
Washington, D. C. 20590 Washington, D. C. 20590

Gentlemen:

On April 10, 1969, a joint meeting was held between the Air Transport
Association, Aircraft Owners and Pilots Association, National Business
Aircraft Association and the National Pilots Association for the purpose of
exchanging views on broad principles for the future design of the Air Traffic
Control System. During the discmsions it became apparent that there was
considerable agreement among the attendees on certain basic philosophies and
concepts that should govern planning for the ATC system of the future. A
desire was expressed to communicate these common thoughts to those
responsible in the form of a joint statement. Accordingly, on behalf of their
associations, the undersigned are transmitting to you the attached, mutually
agreed upon, statement of 'Ibroad principles on which planning for an efficient
national system of air traffic management should be based."

We respectfully ask that you and your staffs give due consideration to
these principles as you plan ATC improvements.

Sincerely,

Cifn F. von Kann Victor J. KaV
Vice President Vice President
Operations & Engineering Policy and Technical Planning
Air Transport Association Airc ttOwners Pilots Association

Rm H. Ottley rt B. Ward
Execu Director Efiecutive Vice President
National Pilots Association National Business Aircraft Association

Attachment: Joint Statement
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Attachment to letter dated May 9, 1969

I STATEMENT

"The civil aircraft airspace users, represented by AOPA,
ATA. NBAA. and NPA are unanimously agreed that planning an
efficient naftonal system of air traffic management, which includes
airports, ATC, flight regulations and procedures, should be based

cn the following broad principles:

1. Widely divergent aircraft performance character-
istics must be taken into account in applying air-
space utilization techniques and procedures. The

different capabilities and requirements of the
various oeguersof civil and military aviation
must be accommodated to the maximum practicable
extent, io that all can coexist harmoniously and
continue their natural growtin th oe country's
e conomic interests.

2. Airports should provide separate runways and
associated facilities that meet the differing require-
ments of the users by making efficient use of

valuable real estate to insure maximum runway
availability for all users.

3. The advantages of automation, both on the ground
and in the air, must be fully exploited to allow air
traffic to expand safely, pilot and controller work-
load to be eased, and keep the cost of operating the
ATC system to the minimum.

4. Expanded airborne navigation capability to essential

to increase efficiency by enabling pilots to follow
in certain controlled airspace of the future,
predetermined flight paths with the precision
necessary for reduced safe separation without the
need for radar services. The responsibility for
navigation should always rest with the pilot. The
ATC responsibility for a safe and expeditious flow
of traffic should be based on accurate and reliable

3--8
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position information obtained directly, and
preferably automatically, either from the air-
craft or from an overall system of position
determination. The potentialities of airborne
station keeping devices should be fully explored.

5. Automatic digital communications must be
implemented as soon as possible to relieve the
load on voice communications and to facilitate
the introduction of on line data processing
equipment ir the ATC system. The voice system
must be retained.

6. The civil aviation organizations endorsing this
statement of broad policy offer the Federal
Government and the airport authorities their
full cooperation in attaining the objectives
outlined."

E-4
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GLOSSARY

Airborne Guidance and Control System - An intepated aircraft navigation system that
permits following any threenniendonal path desired. As used in this report, no specific
sensory input is intended.

Aircraft - Any device that is used or intended to be used for flight in the air.

ARTS - Automated Radar Terminal System - A currently planned ATC system for
terminal areas using computer technology and radar.

ATC - Air Traffic Control - A service operated by appropriate authority to promote the
safe, orderly, and expeditious flow of air traffic.

Air Traffic - Aircraft operating in the air or on an airport surface, exclusive of l0. ding
ramps and parking areas, but including aircraft departing from or arriving at such -eas.

Air Traffic Controller - A duly authorized individual involved in providing ATC service.

Air TrMc Control Sysem - All components, human and physical, of a system providing
ATC service.

Air Traffic Management System - As used in this report, the complete system used in air
tiaffic, which includes ATC, rules and regulations, the neceuary airports and other
landing and take-off f Alities.

Area Navigaion - A method of navigation that permits aircraft operations on any desired
course within the coverae of station-referenced navigation signals or within the limits
of self-contained system capability.

Automatic Digitad Communications System - A system for exchange of communications in
a form suitable for direct input to or output from printers, display devices, computers,
data processors, etc. When the word "automatic" is used, it generally implies that
machines either generate or utilize the communications without the necessity of human
intervention.

CAS - Colision Avoidance System - A device installed on aircraft for the following

purposes:

: Detecting the presence of other aircraft
: Automatically amsing the potential collision hazard represented by such other
aircraft.

Providing advance warning to the pilot if a threat is predicted by the equipment.
Providing appropriate command ignas indicating the proper evadve maneuver.

The CAB device performs its functions continuously and automatically in all types of
weather conditions without requiring visual ausment of collision risk by the pilot.

G-1
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Clearance - An authorization for an aircraft to proceed under specified traffic conditions
within controlled airspace; given by ATC for the purpose of preventing collision
between known aircraft.

CTIOL - Conventional Takeoff and Landing - Designation of aircraft that have
conventional performance with respect to runway needs and climb/descent angles.

FAA - Federal Aviation Administration - The U. S. Government agency responsible for
ATC and for supervising civil aviation activities from a safety point of view.

FAR - Federal Aviation Regulations - Regulations published by the FAA to assist in
carrying out its assigned functions.

Flight Path - The combination of an altitude profile with a horizontal track.

IFR - Instrument Flight Rules - Rules governing the operation of aircraft when weather
conditions are poorer than those specified for visual flight rules.

NAB Stage A - National Airspace System Stage A - A program for improved use of radar
and computer technology in the enroute airspace of the U. S.

Operat!onal Control - With respect to a flight, means the exercise of authority over
initiating, conducting, or terminating a flight.

PWI - Proximity Warning Indicator - A device on an aircraft that automatically alerts the
pilot to the presence of another aircraft but leaves to the pilot the task of visually
sighting the intrudin., traffic, assessing the collision threat posed by that traffic, and
determining what, if any, evasive action is needed. Because of the need for visual
sighting of traffic, proximity warning devices can be effective only when there is
adequate in-flight visibility.

STOL - Short Takeoff and Landing Designation of aircraft that have performance
characteristics requiring shorter run.. ays than CTOL aircraft. STOL aircraft generally
may also employ steeper angles of climb and descent than CTOL aircraft.

VFR - Visual Flight Rules - Special rules for conducting flight with the responsibility for
collision avoidance resting with the pilot. These rules apply only when the weather is at
or above the weather minima specified for such flight.

VORTAC - Collocated VOR and TACAN.

VTOL - Vertical Takeoff and Landing - Designation for aircraft that have performance
characteristics permitting vertical or almost vertical takeoffs, landings, and climb and
descent angles.
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General voN KANN. Both the Department of Transportation and
the Air Transport Association projects establish R. & D. objectives
for the ATC system. The main need will be for highly skilled man-
agement and systems engineering.

With airports there is less cause for optimism, mainly because it
will be all but impossible to build by 1980 any new airports suitable
for air carrier operations whose site has not already been selected
and approved. It is frightening but true that no more than a very
few new airports of this type will appear in the United States during
the next 10 years.

So while the anticipated user charge legislation may facilitate
airport financing, these funds will have to be used mainly to improve
existing airports--actually to streteh existing capacity as far as it
will go and thus to delay the evil day when the airport becomes the
ultimate bottleneck in the system.

With the jurisdictional problems involved in programing these im-
p~rovements, and the pressures of noise abatanent measures to reduce
airport acceptance rates, it is impossible to foresee adequate capacity
at the major airline airports in the coming decade.

Mr. HEcHLFR. Isn't it already?
General VON KANN. At some locations, yes, sir. On that one, we run

into great discussion on whether or not the bottleneck is the ATC
system or the airport, and you can argue it both ways, and as a
matter of fact we have not really established systems for measuring
the effectiveness of either.

The FAA has recently undertaken a project to attempt to allow
itself to better measure its systems effectiveness with respect to the
airways. This should be done. I think that sometimes the runway is
the bottleneck, the runway acceptance rates.

At the other hand there is some periods where the runway isn't
too busy but the ATC system doesn't deliver the planes in as fast
as the runway could take them. I think it shifts back and forth. But
I see more hope for solving the problems in the air than the ones
on the ground, in the coming decade.

Mr. H-•cHLFR I don't want to interrupt your testimony with argu-
mentative items, but you have certain size planes that can't land on
certain size runways, and this is why I made the observation that
sometimes the airport is the real bottleneck.

General VoN KANN. Oh, it is at times, and I will come back to this
point as I proceed.

Mr. GOLDWATE. Mr. Chairman, could I ask a question?
Mr. II•wLHm. Mr. Goldwater.
Mr. GOLDWATER. Improving existing airports from your statement;

do you feel that perhaps even if we did this, it still wouldn't be enough
or wouldn't be adequate, primarily because of the limitations that have
been created around airports today? In other words, in creating, in
improving what we already have, would seem to me that in many in-
stances, the airports we already have, especially on large municipal
airports, they have been improved almost to capacity now.

And if in fact this is true, what is the alternative? Build new
airports?
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General vON KANN. Well, I will come to that as I proceed. It is true
that a great deal of money has been put into airport improvement. On
the other hand, you can take KennUedy Airport and there are proposals
for further construction, backing the northeast-southwest runways
into the bay, which would improve the capacity still further.

For one reason, it would cut down on the noise impact on the com-
munity. On the other hand, there is great opposition even to this. In
Boston at Logan, other runways could be added, again the local com-
munity are violently against it. So there are thingp that could be done.
There are things that will have to be done at existing airports.

But I don't think it will be enough, and it comes with great diffi-
culty. As a matter of fact, you take both the Boston and New York
situation. If you talk about improving the current facilities, then you
can't talk about an additional airport, and if you talk about an addi-
tional airport, you can't talk about improving the current facilities.

And you constantly have got this sort of a conflict at work. We will
come back to it.

Chairman MuTzn Mr. Chairman.
Mr. HECHLa. Mr. Chairman.
Chairman Muiyi. I have to leave in a few minutes, but I am very

vitally concerned with this problem. Has the Air Transport Associa-
tion ever studied the optimum type of airport and buildings that
should be at an airportI

General VON KxNN. I don't think anyone ;As studied that, Mr.
Chairman.

Chairman MnimL Then as the represent&ta. -i of the airlines, why
haven't you studied it ?

General voN KAxN. Well, as far as-
Chairman MILai. You know that this is the biggest mess in the

world. Now, as one who uses the airplanes a great deal,I frequently go
to Los Angeles. If I take one line to Los Angeles, I can ride a thousand
feet on a movable airport sidewalk. If I take another line I have to
walk a thousand feet. If I come into San Francisco on one major air-
line and I want to take another airline out, I have got to walk nearly
half a mile.

Now, one can lose more time getting around the airports than in
getting across the country. Now, why hasn't an organization such as
yours, given some thought to this and tried to influence a standardiza-
tion, one that will serve the public in the air industry?General Von KANN. WeiI, I can answer that, sir, in about three ways.

First of all, we are doing a great deal along that line.
Chairman Mnrm I say you haven't done anything in the last 10

years, anyway, except Dulles.
General voN KANN. Well, we can't take credit for that. By the way,

most airport development is done at the local level for one thing.
Chairman MnaxR. That is one of the things. I think, and without

anticipating your answers, this is the very evident fact. Each city builds
its own airport, gets its own architect and each is going to outdo the
other, without giving much thought to the convenience of the traveler.

And I think some organization should have at least represented the
traveler in this matter. I would imagine that you would have done
this, because most other means of transportation over the years have
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tried to fix up their stations and unify them so you know where you
aregoing and what you are doing.

General VoN KANw. Well, there is a greatly expanded effort in our
association, sir, and there has been for the last 3 years. As a matter
of fact, 3 years ago we organized a new airport facilities department,
which is aimed in this direction.

But I must also say this is not an easy operation, because anybody
attempting to put standardization into a system like this comes in con-
flict with all the local jurisdictional interest&

Chairman Mnax. I appreciate that.
General VON KAN2. So more should be done, and the kind of study

that you indicated when you raised the question was also suggested
by the transportation workshop report a couple of years ago, and as
far as I know there is no such study in existence, and I think I make
the voint later that I agree that there should be.

I should also say that our ability to engage in this sort of work,
if you want to call it R. & D., I guess it certainly is a portion of R. & D.,
is limited, because a regulated industry just can't very well have a big
R. & D. budget.

Chairman MnUz. Well, I am not going to accept that. Railroads
have been regulated for years. The trucks and every other mode of
public transportation are under regulation. It reminds me a great deal
of the history of the Southern Pacific Railroad, in my home State.
The Southern Pacific Railroad got pretty well control of the politics
of California in the early days. Then, driving the railroad over the
Sierra Mountains was one of the biggest engineering feats, and an
outstanding engineering feat in this world.

But the result is that the people who drove it over the mountain
then took charge of the railroad. I used to work for the Southern
Pacific Co., over 50 years ago, as a youn engineer. We didn't mind
holding up "No. 1," which was the over and limited train, if some-
thing had to be done in the mechanical side of fixing a track or some-
thing.

And this went on for years until the public'was forgotten. It was
the big thing; we got a railroad and it had to be operated. They began
to lose out and then they changed some of their management and
set forth in the other direction.

Now, operating airplanes is to a degree comparable. The changes
that have taken place in the last 20 years have been great. The changes
that will take place will be equally so. But, I wonder if the people who
operate the planes don't let the mechanical side of it sometimes dic-
tate a little bit what is going to happen.

We want the plane here and we want it there. And the dickens
with the passenger; let him walk. Now, most of the European airlines
at least take you out in a bus to the plane. I once thought that Dulles
was for the birds when I first saw it. But, the more Ihuve traveled,
and I think I have landed on nearly all of the major airlines in the
world-in Europe and parts of Asia-the more I see Dulles, the
more I think that it is the optimum type of operation.

You waste a little time getting back and forth. But, by the time
you get in, your suitcase is only about 5 or 10 minutes behind you,
which is more than you can say in most airports. Taken on the whole,
there we no great distances to walk.



316

To me it is the optimum. I wonder why someone han' studied this
program and come up with it as a better airport, and then have local
people copy that type of airport.

OHare isn't soo id that" couldn't have been improved on. Do you
like to go to O'Hare and walk around those long distances!

General VON KANN. I prefer Dulles, sir.
Chairman Mmizn. How about Kennedy, if you want to go from

one to another ?
General vow KA.w. I prefer O'Hare to Kennedy.
Chairman Mnpm. And San Francisco; I live on the east side of

the bay. We hope to have a good airport at Oakland someday. But
I have to walk great distances in San Francisco.

General voxr KANN. Yes; we do. We do. Well, sir; I would like to
say this, if I may, that going back to my point that there is a limit
to the amount of R. & D. that an industry in our position can do,
I still feel this is true.. We do what we can. For example, in the last
year or so we have put nearly $2 million into a collision avoidance
system.

You will find that airlines will dig into their pockets as deeply as
they can on safety, but then with the finances being what they are
they probably are not going to be able to go into too many other
areas, especially with the varying jurisdictions involved in airport
development.

We should do more. We are doing mor But I think the largest
problem here is the fact that you have got one-third of the system in
the hands of private enterprise, one-third in the hands of the Federal
Government, and the other third in the hands of lord knows how
many entities.

Chairman Mmunm. I understand, I appreciate it, and I am not
critical. I think I understand your prol!em. But I do think that if
maybe 10 years ago--and I knew some of your predecessors pretty
well--if they had given thought to this, you would have started prod-
ding the Federal Government at that time, and we might have had
some of the solutions now.

General vow KAvN. I couldn't agree more. I think a lot of people
could have looked forward more energetically, and I can't disagree
with your point.

Chairman MmLLmR. Well, of course, you people involved in a medium
of transportation, have the most to be gained if we can do something
in this field. Thank vou.

Mr. IcWRLZR. lihank you, Mr. Chairman.
Are you on page 71
General VoN w ANN. Yes, sir.
With respect to connecting facilities, particularly intermodal con-

nections, I have equally serious concern. There will be improvements;
but in the overall, the problems preventing improved access will be
at least as serious as the obstacles to increased airport capacity. There-
fore it is difficult to foresee any widespread solutions.

Intramodal connections may see some improvement, although it
appears that new technology must be brought to bear to facilitate
interline transfers involving long distances. New techniques for trans-
fer of people and baggage will be needed. While it would appear that
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some forward speed will always be necesary Minimmm n ta xd speed
vwillin~ibae.proim,.for~VWlL's'or V/STOLf'swhi*'hftbvin~r pw

uru~diV and ~ntao~yaI~e s beaa rut , even back- up and. which

'Me- tentink Veftcnmies, -of STOL amd, re~idized -ii DPo~port Lon to
Ibngth,.cd,,huuw4,Tequiiv&-,Whsheads)s run*19Y. TOOim the higher

a 'the; cost innie Uts, gkleM tAe! -efoi -auilaiiary lift system. -At



~•" me' the pO~. spd outrol required approaches that ofV/STOL : I
Whle some Of theso limitations may be modified there is a very

AoftMf in St OL r•fnvement for asupace. A slow-
mo d1 a y nod far ,less anwame than a jet; however, It
nee more than a helicopter or V/STOL4 which can be given

oeir M i in the ar (and on the ground, too) with equal

Siuh, Umet a s- key to 4adent use of
Semimal rspmce,-will be a (and more costly) to bring of
With 8TOL's becaus of the mimed approach requirement. For
-V/STOL there is really no missed approach requirement.

As for real estate, it is fairly certain that V/STOL-systems will
rquire less thain STOL systemsI. In view of these economic and tech-

nial Iimitatie, it would seem that unless V/STOL research and
development is allowed t& laps% the namt decade should see V/STOL

OL in cost effectiveness in tl* high-demsity areas. The more
.theL & D the sooner this will caw to pa.

e should thereorenot delay in recognizn the urgent require-
ment for V/STOL short-haul systems in the 1980's to provide down-
town air tranport service between city pairs at stage lengths of up
to 500 miles. As the state of the art improves these stge lengths will
increase,

It is recogniied that short-haul sysems cannot be limited to down-
town service, and that some interconiections with longer range serv-
-ice must be carried out at major airports. Whatever the problems of
these interconnections, they will be easier to solve with V/STOL

Now, on R. & D. requirements for the 1970's, from this size-up we
can now visualize where our major M. & D. efforts should be made if
technology is really to be directed toward solution of our major

As I have indicated, the R. & D. neded for the ATC sy m has
been or is being spelled out fairly clearly. What will be needed here
will be adequate funds and good systems engineering.

It has armady been reported to this committee that more airport
k & D. is needed. The point was made in the report of the trans-
oaon workshop of 1067 andby the -ational Academy of Engi-

namegin 1968 in its aseusment o Federal Government involvement
in civilFaviation L. & D.

It was also made in last yeas hearings by Mr. F. W. Kolk of
American Aidines. All I can do is to reiterate the point and empha-
size that the program has yet to be spelled out. I must add that the
oae ovenubug need is how to get loca jurisdictions to work together
in airpot planning. Whether any . & AD. can help solve this problem

ile 1uig facilities are vital to the ease and efficiency
wh•rebypasengers are moved between airplanes and other transport
modes, there seems to have been a good numbo ot •pparate proJects,
butiitle in the way of systems ke~sarch aimed *~ ne concepts. Thus
-a panen$er*my ibe traveling at 0 miles an hour while airborne, while
d few uminuts later at his deination le fiils himself in a frustrating



f tuwlet, miDve. himself and his. bggage at a ground speed of even

An haies noted, there an ay individual IL & D. projects aimed
in tisi direatiem. F*or = 4t ATA-IATA study an automatic
ticketing and reservation will greatly improve the lot of the passenger
inI the tieketmg. Prectes Ajar,, automnated baggag handling systems
should' blc e of-value.

There are numerous1 local studiep on moving people at airports.
However, the matter of interconnection as part of a total system has
not, in my opinion, been effectively addressed. If the Government is
to look at trantportationi in the overall and to seek greater balance
between tranwsportaston systems, this matter of interconnecting aid
intraconnecting facilities needs additional attention. A few suggested
areas for R. & D. would include more comprehensive origin and desti-
nation data gatheripg, studies on removwg nonessential .functions

anm, ) rom a rt prsrty, human faders research in the
sproes, and .I' cost enectiveness of air versus ground dis-

tribution systems.
As I have indicated, the conclusion is inescapable that STOL and

VTOL teehnolgies, -which might well merge ihto a single V/STOL
technology in the 19*0's, offer the best prospect of relieving the pres-
sure on argegirports and airport access systems by providing short-
haul downtown-to-downtown air service.

Because of the large military investment in V/STOL (somethingover $W_ million dwring the pd 15 =es) and the continuingwo
of NASA, there is an excellent techno o icas from which to work,
and it is fairly certain that economically viable V/STOL systems can
be developed for this purpose at far less cost than high-speed ground

However, the Tecft environment in the Department of Defense has
not been favorable for continued effort in V/STOL XL & D. This comes
at a particularly unfortunate time, since helicopters currently in
civilian service are swnd-generation helieopters while those coining
into the mil"tary service represent third-generation technology.

If this technology could be tansferred to civil applications the
results would probay be economially viable hardware. Certainly the
next-generation, whichwill probably take the form of compoundheli-
copters, should have DOC's well within the economically acceptable
ranges, that is, 3-cent seat-mile cost or less.

While STOL technology seems to be receiving an adequate level
of effort in NASA's programs, it does not.appear that there is a suffi-
ciently aggressive R. & D. attack in the VMYL area'to make the
small additional effort which is needed to bring this technology to a
level where it can he integrated into a national-air transport " .sten.

The probable reamon for this deficiency is best described in the
transportation workshop report on pages 251-254. This section is
*ppropriately. tid~ed "The liapasse." After reading it, one can only
-ask the:m__,u_. . "Whoa in charge hereI" and the anwer seem to be

Ikp uliar contrast to its excellent program for a plying super-
tto the air transport system, DOT-FAA has no coun-

Aerpart ,proet•_ at the short-hadl end of thm setrum. It has made
*ome, wortwhile efforts to utilize available MTOL teelmology; but



thews is no eoumlt~sh ve~s pfor f/blowup with*ushdV/ML
hardware, for developing te auxiliary elements which will be nieded
fW; iho sit tram de i3'steaw to. hwidlo V/STCL*~ -and for spoi-
soviung a nNtiOMO Va~ IoIpiq~detlw imeseawry ground en'viron-
nmet when~ It is

T~wO '*tab '' Mmtiobd' this lwbskWhit giving a leeture in
Tokyo to the Japanese V/STOL Reearch Ameoositim. And.I 1will
also.offer a oapy, ofthat paper for the remrd

(The docuent ow :) k w .

DuA=W Wt MAJ. u. OLW'W,. •wN K4W, USA (r,), V . e,
Orqauog ~Uvoqmge.all TAANSTMOW*.ý oaoz rzNO AuiunxA.. IN

!Lbr6.~ JAPANF, )o.XuM4,1ig

it Is &Iwo* .a joy to return 'to Yyui great and beastlWi country, of which
I am so fond anidfee wi h have duchdeep -reppet It Is dd/klt to-say whether
the a•Ittetee ad Intelletual achievement of Japan or Its economic and tech-
nical progress are the more Impressive. Both have Justly earned the admiration
9t theowqrW ., I

I *Vmro¢h the subjeet of V/STOL *Ith consderablet'hhtnuty. There is really
little that I an. say which ffimw lflibua and able Mr. Ryohei Ito does not
already know. Hisstndy; of V/STOL throuxbhet the wori& Is thk most com-
prehens0t, • of -its kin that'l, have ever seen.

In this light my main contribution will perhaps W to Indicate what develop-
ments I snticI) _and, what Importait quesi, about V/MTOL remain un-

Let me- by b Aefintag my terms. When I sy VTOI" I am thlnk -.rof any
' ~r~t wa#pw lmaid wi,*Me o( itbout a ground run. 74. definition also

icup all$to foiy.fr I do ta T .vMb Rylxlial
,A W to r rcmft V•'ydesgihs souiAiej e of 106wereil lift .an* Mtroiu and

requires a relatively short ground run for takeoff or landing. I prefer not to
*tseint Awselasinne thv e.wqt Amount 44 ground ru ±im~I time since STOL

te~ n~j-~ .ps in w ee's * cepne mahner.
or ~ ~ ca VLIIIcibe ojr0 with a g rotn am to tah advan-

tal k 16, Ob O'aj.nf thet'aby to achete irncreased payltad and/or
,efi ae.E~ TLd r ~O~I I 'beiie that darlng the 19Ws -ad-

vances'!Iumuaeutleaj,* noligwl WK bin, VTOL, and . -,S. very close

je h4 we*• e o•ely, I propose to " dr four main
tqii~e1 e~t~n ~TOL~1i ST~L;s~codly,'the status of c"vi air

traftfto IIý' e Vat"Yi Stat&, '.tbrl*l, th& opeet for the 1970's in the
V.Its 9tata•.t , fipally,,i, SeW tonmIents on, y(*r sli*atiaU in Japan as
I we it.
ww".*w of ,FrezL A" BTOL .1 8"e VAuidt Swoes

VTOLrteebbogy has s.4wmes more rapidly do.ius t• e past 14 years than
r~ftly ~beolc ~'~'tepbnology during aillke period In aviation history.he .. prt.pet. .. ,ease alone has invested a' t $0 million In V_• L

reseaj~dj ai~d 6~Vrei0P*I.' It s 1tif6iftnate that t iS effort was'not better

eoordIiate6n8 that It we •u•je tommty tnteuml disagreements. Nevertheless,
it greatly sdvened the, btate of the fint. In addition, the. National Aeronautics
-an~ ~p~ ~ n(?.A h eea v~nAmnsrtion
.( &)•, U.sU,,~ u��.•.�an tho. sclsstlflc comm y eer have Invested
1maI' anbtlier $50n*d n. 1 world fasoris su0h 'sth United Kingdom,
Y'rance,rWest O ahdIy havynmeelinpra e lastlng contributions
to the V/STOL reservoir. And the efforts of the USSR have also been Iipressive

~~ Av tecýiical 4forIt has been a massive technology
l~dnk ~ *t etf~~1 Ointldt Iottday'a h I"0ptoru and 'i

I~ei~ f Wre c now esierghWa A
b 9kia "t in !*2U8500S reearch,

experlnmentil and preproduction prototype V/BTOLs now flying. Bach of these



44tuIaaeedpb a~ Woa In various

We O"OtOWNs 5 ALW O wbo605 Opfawe Offarbl a surer and.
potential customer a variety of design aternatives`de;pending upon hi6=tiua

Afte-ah~t" ~& tdmolglol -X16'wl4 emerges Is a picture of
allaistves toXupovt emt"CG;and I pezatiox, &in the mid-

aee tes oit flamly 0*advasood VIPT(4 machilues in the, 44 60 4W g 902&~
manger siues, with ýspeed naow and paylaa4,oonwerahJe to -several short lbaul
transports now in airline operation. Seat mile costs could, be between $,O and $M5
compared to figuas Of more thana 0f for current scheduledt helicter merie
The technical and operational risks are. probably ýese than thos ofth ST, andi
comparable to those of the jet transports introd'wedintp, airline serviop ten years
ago.

Intthe, lAWs it will be technicallY feasile to construct V/STOre in the IN0 to
200 pamuegar 'dues with speeds comnparable to. those of today's subsonic J"t.
With speeds and payloads of tbia zuagnltUde. seat nila ~Osa should approach
$AS and this would peroit highly profftable operations., Theme is incemasngly
convincing evidence that in this time frame the techzxclegloul/operatioaal differ-

-between- STOL and V/MTO# will largely disappear.
Tob ansew the role at:V/STOL, In MO197Gl abort haal jintercity transports-

tifs (M0 moiles) the FA.A completed a contract study with. Mcj~onnell in 1968. In
this study ("Technical and Economic IMva1UatIop Of Aircraft for Intercity Short
Haul 'Trasmportation"), and In the; asupporting e~wt ("An Analyuis of Inter-
city PasseaMe Traffic iiovementWiti the California crridlor through 1980"),
the asheduled abirlne use of V/STOL and flTOZ ulreraft in 2MOW-106 ts evalu-
ated. Using 1970 technology three repruesetative V/STOL64des=n anti one STOL
"dsog comfigured to 60, 40 van 120 poemager transports are, use& Special
V/ST'OL and STOIL air tijminasls ar stited for downtown passenge covenience
and land use eampatsbility- to minimi' the operational noise level. Cost benefit
evaluation lncludes;operation In the (7allfarnia. Corridor compazed to-simulated
Jet tanumport operation -fer the mae period. 'Pbo conclusion of thias sAndy Is that
"thbe time savings dad convenience of -VTOL/BMrOL airline service wou)4 enable.
these aircraft, to capture -a ashetantial shar of the short-hanl air. travel marktd
and would Induce additional air travel."

It Ito Interesting! that the FAA-McDonnell study shows that both STOL and
V/STL are economically viable. An earlier W~idy by the Massechusetts-Instltate
of Teehueogy,: ("A Systems Analysse of Short-Haul Air Transportation") with
the eperations model tat tn the Nertibeast Corzidor, Indicates that-Y/STOTs have
an economic advantage over STOIs because of the lower Investment for vertlpout
facl~lties. More on this later.

The ensal~euo~snof~thbse two sft~die-oth catend 41sgographical areas
with eaiatir and prefitihie short haul markats-Isithat regular sV/STOL short
haul (under 200 miles) service Will divert ftvemt',,- tradie from auto, buo and rail,
and that scheduledfV/STOL ssrvfce, will be Profitable to the operators and
owners,

The ýafrcraft manufacturIng industry Mas also taben a position on future
V/MTL: growth. it! a _1W66report, "The Uconomics at VTOL'1, prepared by the
Vertical Lift Aircraft Council of the Aircraft Industries Association, an analysis
of present and futu -eV/SYOL aircraft capabilities to luafte, pecilfly. of intercity

bothaul In the rzildsetentIes. This study examines combInations of routes up
to ~600 mile stage lengths Including city center to city center, city center to airport,
and aftport to airport operations. STOL aircraft are -not considered after Initial
determination that total costs of the larger, more elaborate facilities reuired
are not competitive with the costs of V/STOL facilities. However, where runways
are ONAWaa~ as In' the ease of operations. tan hg, haul jet airports, It- to
recogised that greater payloads can be carried by the V/STOL In the STOL
mode of operation. The greater operational flexibility and lower vertiport terminal
costs are determined to be significant economic advantages for the V/STOL
system.

The badec conclusions of this 1966 report stil appear to be sound although
there is now evident a growfag role for true STOL trnsports in the early 1970's
as part of the necessary transition from (IOWL to V/STL In the next 10 years.

N#ow. let me show you visually a few exansples of current MTL and VTOL
technologr. ;(Film).-



Here are a few pictures of the ae Havilland RVols, a turbtaised version of
the otiginal U.S. Amyy '(we . Using Bufflo technology de Haviliand now
Vkw to go, Into proEuction with a STOL. transport of about 50 passengers-the

The de Havilland Twin Otter is already in service throughout the world.
It was the first of an Increasingly large number of small 18-20 passger' trans-
ports. As of last December there were 50 Twin Otters in sebeduled service by
U.S. commuter airlines-move than any comparable type of aircraft.

Next the CL-S4 Canadair tilt wing, a V/STOL engineering prototype that has
gone beyond the test bed stage. The -tilt wing approach it the most practical
conceptual approaches to non-military V/STOL In the United States there is
great Interest in tilt wing technology on the part of Boeing-Vertol and Ling-
Temeo-Voughth as you will soon see.

Another technical approach is illustrated by the British Hawker-Siddley
P-I1N--tldW known as the Haomier. This approach uses vectored thrust by ro-
tatfng the main engine exhaust docts to produce downward threst in the VTOL
mode. The P-11N has been In existence for nearly a decade and has flown across
the Atlantic-with refueling. ThI is the only V/6TOL aircraft now in small
scale production (for the Royal Air Force).

Finally, there is the Lh4%meo-Vought XC-142. This vehicle is unique in that
it lo an operational pretoype (about 8 ton payload) built by the Department
of Defense, with participation by the Army, Navy and Air Force, so that the
tilt wing counept could be given an operational evaluation. By and large it has per-
formed weot, but its economies In Its present configuration are not suitable for
cqunertel use. However, the manufacturer has attempted to illustrate the
plodbilifty of cemnmerklel use, and this Olirt of the film shows how such a vehicle
might look If in eommercial service. (Mad of film).

The couround huieopter technology Is already well proven through much
eogineering fMght test in the U.S. for the military. Various maufacturers have
proposed designs of commercial compound helicoptbrs. Here (slide) is a picture
of '"ikors•hy concept of a commercial passenger compound heilcopter--4the
8--6-20 ", This aircraft could earry 86 passgers a distance of 230 miles or
Mr p1sseegors a- disance o 5M00 miles No technological problem here, and 81-
k wuo';d go Into production tomorrow If enough orders were to be plaeod.
(Slide off1.

AnotiWi teeleM: approach to VTOL Is the, tid.g votor (Slide)--a concept
suportedi by the HBal Ifelicopter 0orporation which built the first prototype (the
XV-8) ~;et IS yeuea P. ThaM teelmology t entirely feasible; however, the
sie of the rotor vpedais practical STOL operations; so this ship is VTOL only.

A more advanced concept, and one needing more research and development, is
theabo-ealles dlarote or rotor wing helieopter. In the Hughes concept (Slide).
the disc, is trianglar,; and when the rotor Is stopped the helicoter becomes a
delta-wig aiemrft eapable of sutosunc sped& This i a very exciting concept;
it could be 'ealaisd Witlihst denade itf aumdent RWD funds were to be made
available. (Slide of).

'Just to shww' thatcargo has'not btee neglected, I have a few feet of film
siowing the Sto1sS 'I~fngt rane which it now operating succeasully in the oil
drilling operatois -In- nothernAlaska. (Film).

FLnally, 'I 'a-U a, 1sde v a hEicopter which may very well lead the way to
VTOiL cty-ceter to .itycenter serviee. Here is the Gates twin Jet businesm
helicopter soft to go into-produetton. (Slide). While it Is difficult to establish
a sehedu.ed-oersie between cities I believe that the advatages and ecMomies
e6 ibusse o opkdo,,between city centers will result In early and successful use
ofgmiiMinheImept*rWin thiUrle. (Slid* Off).I ]rpe• d use eat helitopbwm and compounds should be tacilitated by reduction
In engine blade c-eise. The U.S. Department of Defense is supporting soake
encoura-ng researeh, work by engine and helicopter manufacturers.

Status of Civil Air lvansport in the United States
An you know•Jet-engias technology brought a transportation revolution to our

eoontry about iteuioeara agio. Tbdy most of our publicnIzterclty (Slide) travel.
1s performed'by .at -n 1i 8 the airlines accounted for 39.8%- of. the passenger
mikes pedrormeodnpublie intercitp transportation. In 1968 the airlines' share
was 72.5%. In Intercity travel of 200 miles or less, the private automobile Is
still the most popular mode of transportation; but even here the airlines have
made inroads. (Slide off).
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Ibis revolution abeted t1e whole free world. Twenty years a50 (sUde) in
1949, the *ailies of 00e free world noew aboux 34 billon paseager mases; in 196
the number had Increased to nearly 200 billion ; by 1960 this fture could approach
a te~ime poenemner miles. (,SU&d of-next elide am).

The air freight statistics aoe equal olye ting: SW0 mniiou ton miles In 1949; CS8
billion ton miles In 1968; perhaps 80 billion ton mums Is 1960; MOMn it the now
Sid" GW jets, ilk. the 1,-GOB are Otilised to ther full revolutionary potential
(91169 0).

This growt In air transport has been spearheaded by the aircraft and engines.
Fortunately. during the 1960' the old airport and air traffi control systems were
able so support the increased trallic without excessive strain. Now, however, the
stAiA has beceme excsssl'v; and today we have a crisis in airport and air traffi
control capacity-especially in our higher density areas.

Let me deseribe our problems in some detail for an understanding of thewe
Problems 1s needed It the future to to be assessed intelligently.

I believe we have four major areas of concern in the U.S. air transport
system. These are:

I. Operationa facilities (airports aVd airways).
2. Connecting facilities (inter-modal and lntra-mnfioa).
8. Our effect on the environment and thr quality of life.
4. Finance (a direct result of the other three problems).
With respect to operational facilities the prablem Is complicated by diffiering

organisations. The Federal government is ree~ponsible for the airways. On the
other hand airports are built and operated by i variety ot local jurisditoens.-
sometimes direct~ly and smneimes through authorities deriving their charter
from one or more of the political Jurisdictions involve#. Obviously, this results in
different motivations, different pressures, different ground rules. It does not
make for expedWtOUs. stiga that can recognise and satisfy air transport require-
ments. Whether -tke relatively new Department of Tranarertatlon to the Federal
goverament can help-to Aind solutions remains to be seen

The problems of connecting facilities are of another type. Let us frt* consider
inter-modal connections, Le,, transers between aircraft and other transporta-
tion modes-taxi, bus, limousine, private auto, train, or subway. With few ex-
capiOns, airport -acceM -systems do not support the peak needs for Inter-modal
connection, and this can make the -rush hour at our larger hub airports a night-
mane for the passengers Rince the other travel modes must be provided by non-
asiatiON lurbsietfen and Asin they most also satisy non-aviation needs, the
problems of keeping them in balance with the reilulreMments of air transport are
staggering.

But even connections between aircraft pose formidable problems-at least for
the passougers. Despite the fact that the airlines spend a great deal of time
and effort working out aconvenient connecting schedules, these schedules can
never be Idebt for everyone. Where the system runs into serious delays-as it
Often does tudt7y-4nterC.nnseting passingers may fall to- make their connections
(notwithstanding earnest efforts by the airlines to protect their customers).

Urea- if there were no PrdIrs- with connecting schedules, the growth in air
traffic n the elm of airports, and in distancest between different air carrier gates
(this may amount to several miles at the new Dallas/Fort Worth Airport), it
is tisembik More time consumndg and difiult for passengers to make Interline
tranmferm. TbIs problem wfll require new airport technologies-or at least the
erlension Wf existin ones.

Zten helI~cOPtr connections between downtown and the airport have serious
ps0sblemKThes are-nedeisarllY high cost air operations, More serious, the pas-
sem~er-often has to use another transport mode between- the helicopter (or MIL)
and thearmitnOr.

Tuýrning -to, the third 'problem area, our effect on the environment and the
quality of Wie, this Is. the most recent major development, perhaps the most
urgent, and surely the most complex,

'The comlzuiteIy to due to. changing social attitudes in the United States. For
meel of the last 100 years we were a nationi dedicated to Industrial and economic
Or0~vth through technological progress. To a great extent people had to get out
at the way of technology, and this was not unreadoable because we had plenty
Of 10oo1. If people were unhappy about the noise of trains, trucks, or'boat whistles
they coukd gosoeeres.
,, Alut now- wur urban areas and many of OUr suburbs are -crowded-simillar to

t1JAeO we Ibw'hkh Yours, are Crowded. i]uOnY of our People are having to learn
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toh nli e imoti'crowded coo6ndltjera, to 'wti In lne, to make accommodations
to one ausn6M . The7 are!,, #ku to sarun a*ientieiwhieh a few generations ago
sailietd 10ess importauCit. I'i .1 -Ii I

At the same time our political leaders and the judlcialssn are Insisting
that tie environmenta.ineeft of Ind•vIduals. be gven greaeter conuideratlon and
that the'qualtr of theft life-be: protected.

For dampile, just a few weeks age in Arlington. Virginia zan architect built
a rather modernistic home with a box-like shape in a neighborhood containing
middle class one story ramblers. The new home offended the neighbors who
took him to court. Although he had broken no laws or zoning codes. the court
ordered the architect to move his house or tear it down, notwithstanding an in-
vestment of over $20,0G0. Such a court decision would have been unthinkable
even 20 years ago. .• I

Almost equally surpWising was the recent reaction to the jet training airport
which the Miami, Florida airport authorities are attempting to build near the
Everglades. This project was undertaken innocently enough In an effort to reduce
aircraft noise and air traffic congestion in the Miami area. However, a highly
emotional reaction resulted, with .many claims and counterclaims as to the
effect on the wildlife of the Everglades. At this time the true facts are unclear.
and so is the outcome. The point is that to an ever Increasing extent technological
considerations must be balanced with environmental ones; and the air transport
system finds itself in the middle of this Issue.

As you know the airlines are under great pressure to reduce jet aircraft noise-
even though there is no easy or immediate solution. Noise restrictions atva.rious
airports have already reduced the available capacity of these airports. Recently
there has been agitation for the airlines to eliminate the black smoke exhaust
from jet engines even tdough this smoke it negligible as a pollutant and has some
safety benefits In that it increases coaspeulty of our transport aircraft

This concern for the environment is also affecting airport construction. It is
becoming more and more difficult to obtain approval of a new airport site--or to
Improve and expand existing airports. The benefits which an airport brings to
a community tend. to be forgotten in the strong concern for environmental
integrity. I *

All of these problem areas Involve tremendous cost& Some are already borne
by the airlines; others will probably follow. These ucertainties have raised ques-
tions as to the future growth and. profitability of our industry, which in turn
affects the ability of the ind*.try to raise capital for new equipment which we
need for productivity and for growth.

Prospects for the 1970.s in the United States
Our efforts to solve th, above problems will dominate the greater part of the

next decade. I believe that the extent of our success or failure will be.determined
largely by the extent to which V/,STOL technology ts utilized in the civil air
transport zystem of 1980. I will now attempt to forecast the extent to which
we will succeed or faiL

We need to know only.two facts about operatiomal facilities: (1) whether
there will be an adequate airway system In the next decade; and (2) whether
there will be an adequate airport system.

I believe we will achieve adequate airway capacity by the late 19?0s. Federal
user charge legislation which will provide the necessary funds- is all but certain
to be enacted. The technology for the necessary automation of the air traffic control
system is available or can be made available in the desired time frame. The
necessary authority exists in the Federal Aviation Administration. The only
question lies in the ability of that Administration to manage and engineer the
program. In the light of the background and expressed intent of the. present
Administrator, one must assume that the necessary systems. englueeringlean be
accomplished within the government. If not, some other organizattinal arrange-
ments may be necessary. But I still believe that'the Job will be done.

With airports there is less eause for optimism, mainly because it will be nearly
impossible to build by 1980 any new airports whose site has not already been
selected and approved. In short it is no longer possible for more than a very few
new airports to appear in the U.V. during the next ten year.. So while the antie-
ipated user charge legislation may facilitate airport financing, It would appear
that these funds will be used mainly to improve existing airports--aetually to
stretch existing capecity an far as it will go and thus to delay the evil day when
the airport becomes the ultimate bottleneck In the system. With the jurisdictional
problems involved in programming these Improvements, and the pressures of
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noise abatement eflorts "owrd redueed capacity, It Is InpoqiW to foresee ade-
quate capacity at the major airline airports In the comi" dam4e.

With rseeCt tconncting; failtie, p.tlcularly Inter-mudal connections, I
have equally perlous doubts. There will be implovements; but in the overall, the
problems preOnIAg l iproved accems will be at least as serious as those facing

increased ailPoet calp'ty. Therefore ft is dfilcult to. foresee any widespread
solutions.

Intra-moda1 connections may, see somie lmprovemnpt, although it appears that
new technology must be brought to bear to facilitate interline transfers involving
long distaaees, The ATA/IATA research In automated ticketing and reservation
will be useful here; new techniques for transfer 04 passengers and baggage will
also be required Wbhile It would appear that solutions are possible, one must ask
whether or not the best way to polve Abe problem would be to eliminate or greatly
reduce the need for these transfers.

The problems attending our effect on the environment and quality of life will
probably be with us during the coming decade and beyond. Possibly the latter
seventies will see the beginning of some technological solutions to these problems.
By that time jet aircraft engines wilW be virtually smokeless. Possibly they will
be somewhat quieter, Current military helicopter blade noise research should
bear fruit by that time. Nevertheless we ,cannot anticipate a change in the pre-
vailing Ameriean attitudes toward technological change; these will not only
hamper the acquisition of new airports, but also the programs to increase capac-
ity at existilg airports.

To summarize the prospects for the US. air transport system in the seventies,
it appears that the following problems will be most urgent toward 1980:

1. Inadequate capacity at major hub airports.
2. Continued deUltY in acquiring new sites for major airports.
3. Inadequate access to airports and aircraft from other transport modes
4. Difficulty of Intra-modal passenger connections.
On the oether hand the air. trafe Control system will be approaching adequate

capacity, jet engines will be. quieter and nearly smokeless, and helicopter blade
nolse will have been significantly reduced.

If these conditions prevail It becomes clear that there will be an urgent re-
quirement to reduce traff at major hub airports because of inadequate run-
way eapaeity end inadequateairport access capacity.

This in tamu means that there mustm be greater use (g direct flights between
city palm, end preferably between downtown areas where major cities are
concerued. Only by VTOL, STOL, and V/STOL can these coming needs be
satisfied.

It Is evident that during the early seventies STOL technology will provide
the initial hardware for developing these auxiliary short haul city center
system& This will b' due to lower cdsts and immediate availability. However,
It must be recognized that there ire technical and Consequent economic limita-
tions to STOL which probably cannot be overcome until a practical V/STOL
system-emerges - I "

A STOL alreaft has Ito minimum" edntol speed, and It approaches this mini.
mum at the most critical point In the operatin--the final approach and landing.
Possbly this problem Way be overcome or reduced by new techniques such as
blown flaps; however, the "-onomle trade-offs remain to be seen. For STOL
aircraft some forward speed will always be necessary. Minimum control speed
Is not a Problem for VTOLs or V/STO[Ls which, having powered lift and control
systems, can stop or even back up, and which require no runway. I believe that
more attention should be paid to the technical papers of Walter P. Maiersperger
of our Researlh Analysis Corporation in this regard.

This raises another point of great interest The potential economies of
STOL are realized In Inverse ratio to length of runway required. The less run-
way required, the higher the cost At what point does the cost curve approach
VTIOL costs?

Since a STOL needs at least some ground run, it has erosswind and turbulence
problems at least equal to other fixed wing aircraft: and there will be times
when STOL%, too, go off the side of the runway. This raises a question about
the practicality of downtown rooftop operations.

Speaking of rooftop operations, these present no operational problems for
multI-engIne V/WOIUT however, It remains to be seen whether wind and tur-
bulence conditions In the vicinity of rooftops will rose operating problems for
STOL aircraft. The pinnacle approach ti no problem for the helicopter. What



It maY be'to a MYL at the time of the flare and Initial touchdown to a rooftop
runway needs lnvestastion

ThU in turn raises another possible limitation with STOL operations-that
of the steep gradient approach. If STOLs are to approach at 6"-7%*, the flare
must be executed at precisely the right altitude, particularly under low visibility
conditions. Leaving out the possibility of pinnacle wind effects, this operation will
probably require fairly sophisticated cockpit equipment. (The pilots will prob-
ably insist on such equipment). Here again a multi-engine V/STOL can handle
much steeper gradients (up to 120) with safety.

,While some of these limitations may be subject to modification, there in a very
definite limitation in the STOL requirement for airspace. A slow moving STOL
may need far less airspace than a jet; however, it needs far more than a
V/M1OL, which can be given much tighter spacing in the air (and on the
ground, too) with equal safety. Simultaneous instrument approaches-the key
to elficient use of terminal airspace--will be harder (and more costly) to bring
off with STOLs because of the missed approach requirement-which for V/STOL
Is not really a requirement.

As for real estate it is fairly certain that V/STOL systems will require less
than STOL systems. In view of these economic and technical limitations it would
seem that unless V/STOL research and development is allowed to lapse, the next
decade should see V/STOL pass STOL in cost/effectiveness. The more aggressive
the R&D, the sooner this will come to pass.

We should therefore plan on V/STOL short haul systems in the 1980's to pro-
vide dewntown air transport service between city pairs at stage lengths of
up to bCO miles. As the state of the art improves these stage lengths will increase.

It Is recognized that short haul systems cannot be limited to downtown service,
and that bnom lntermonnections with longer range service must be carried out
at major airports Whatever the problems of these Interconnections they will be
easier to solve with V/$TOL, Pystems.

While there are numero'i& !ardware approaches to commercial V/STOL, a low
noise level is such an Important requirement as to dominate the list. This means
low disc loading. Thus the compound helicopter continues to be my choice
for the first intercity downtown to downtown Y/STIOL service.

Whether we are considering the STOFh of the 19709 or the V/STOIA of the
1980s, it is evident that these vehicles must be reasonably large in order to
keep the DOC low and for easier interfacing with the higher capacity jets. It
is difficult to specify the optimum sue, but I would assume that as time goes on
and traffic continues to grow, the capacity and productivity of the vehicles
should also continue to grow, a time honored phenomenon in air transport.
Comsig Operatlon. in Japan

I am Informed that at this time your interests in V/STOL are directed mainly
at service between the new international airport at Narita, downtown Tokyo,
and Ohofu. I am further informed that the initial service will probably be pro-
vided by STOL aircraft because of the more favorable economics.

Apparently your plans do not envision rooftop operations, and I must agree
with this. We need to know a great deal more than we now do before It will
be prudent to take STOL aircraft to rooftop levels--or even to runways on piers.
for that matter.

In considering the projected passenger flows at the new airport, I have used
a table which was presented at the IATA Seventeenth Technical Conference at
Lucerne in October, 1967. (Slide). It forecasts the hourly passenger flow for the
New Tokyo International Airport in 197% 1 preaume that a. more current forecast
would not be too different. One notices immediately that during only one hour of
the day-from 1800 to 1900-is there a balance between arriving and departing
passenger. During the other hours there will be a tendency for the STOL service
to be running very light loads in one direction or the other.

The other problem that I see from this forecast Is that of peaking. The hourly
average for enplaning passengers Is 434, and for deplaning passengers it is 446.

Yet during the 1700-1800 hour there will be almost 1300 arriving passengers,
and over 1700 from 2100 to 2200. This raises questions as to what the maximum
level of STOL service should be, and what can be done to utilize the equipment
profitably during the less busy periods. (Slide off).

Now It would be presumptious for me to try to suggest solutions to these
problems. The point is that they have presented themselves before, they have been
solved before, and I'm sure that they will be solved here. They must be solved
If the passengers are to be spared an intolerable long ground t, t between Tokyo



ma" N19ita-ra triwhich l last .oug it takeoto 0lverse the £st,1000 miles
across the Pacific. , ....

There-I&A zeittd problemr--nd one whic vwill enwnd creetive inpovatiouon your part-this is the question of schedule frequency and SThL flights avail-
ableto ardvtag Internasoeal passenger As we know it to deiuLt to predkct
westbound arrival times with aceurcy. It Ia a0l dIfficult to go"cast how long
X will take to clear customs and Imnnigration. At Kesnedy th0s robess may vary
from 40 minutes to an hour and a balf. Xou wilU have to do botter than this at
your new interPational airport if there it~be an ve" flow of arvijvisg pumengers
peeeendlng, from hwaming jets to the STOL #remft hboywd for T*yo6 I would
hope that during the next few years we Improve facflltatio proeedures--uslng
preelearance, If 4ocessary-to a point where there is minimum de*y in processing
arriving, pasmnsen

In any event it would appear that you will have difcult decisions ahead with
respect to, ising and frequency. As I have said the larger size STOLe and V/STOIe
make sense economically. However, they provide less flexibility than do smaller
aircraft providing greater frequency. Where to draw the line calls for great
wisdom.

Now in making these decisions I hope you will not be discouraged by the re -ut
discontinuation of STOL service between airports in the Washington-Baltimore
area. There are many differences between that situation and the Tokyo-Narita-
Cbofu picture. For one thing the distances involved in the Washington-Baltimore
area are relatively short, so the airplane has less advantage over ground traw~por-
tation. For another, the roads in the Washington-Baltimore area are very good;
even in the rush hour, it rarely takes more than 45--0 minutes for ground travel
from downtown Washington to Dulles or Friendship airport.

It therefore seems to me that the two situations are quite different, and that
air connections here should provide a far more useful public service than any-
where else in the world-a suitable result in view of the thorough and careful
studies which Mr. Ito has made.

In forecasing a aucceWdu STOL service here, however, I must add that I fore-
see this service as an interim arrangement which will be replaced by V/STOL
service in the early 1980's as V/STOL economics overtake those of STOL For
the reasons I have outlined above, the greater flexibility of V/STOL In the air
and on the ground, Its ability to penetrate built up urban areas, Its greeter
sfety-4t is only a question of time before this transition becomes necseary.
However, it Is appropriate and wise to initiate the service with STOL; and this
Is a pattern that will occur with great frequency In the United States in the
decade ahead.

In many respects your needs for efficient, short haul air transport are the same
as ours. We will be watching with much interest how your STOL, V/STOL needs
evolve during the next few years. And certainly we hope we may continue our
cooperative efforts to plan and create V/STOL systems In the next decade.I thank you for the opportunity to offer you these observations.
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General VON KANN. Since there doesn't seem to be a national pro-

grm for bringing V/STGL into the sy'stem, but, since I also feel that it
as tto enter the system at some point in time, I forecast that this will

occur during the 1980's. A very distuinguislhed JApanpe airline official
said to me, "How can you afford -to wait until the .1980's" I 1 could not
answer this question, but I can repeat it, to this committee with the
Comment that We nee d LV/STOL now. We could have it now had we
moved aggressively in the -past, but at the rate we are going it will be
another 10 to 15 years, which will be far too late.

Mr. EhHzpw. At that point, what precisely is needed now in order
to do what you are stiggesting?

General VON KAXN. I hve recommended in the past, sir, that within
DOT or FAA, the matter of the problem of brino in V/STOL into
the air tr~ansport system be looked upon as a s*ngie overall problem,
and the various objectives and subprograms in tre fields be laid out,
what tieeds to be done.

First of all, there would be the hardware development. What needs
to be donethere to bring about economically viable hardware. Sec-
ond, in the air traffic control system, what needs to be done so that
the system, can accommodate these kinds of aircraft.

And finally what can be done at the national level to insure that
there will be a' ground environment which will take V/STOL's. Right
now agai in many local jurisdictions, there are restrictive laws
and ordinances be'n eactedwhich 10 years from now will probably
make it; more difficult than ever to bring this kind of air transport into
the city center iprs

Soltinkstudies are needed or actually data gathering should be
initiated. A ret deal of 0. & D., origin and destination information

is eedd.W'e should be starting to gather the data bank so that we
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can find out wher the people ake oawninEg .60h, what kind af transfers
will be neede& -L. ,': ,,-ý;" ' . I.

In other io~ade Pt 4ellentedort was iade in the Goverament to
briaký supereadiesIte"h4ogyt into, the-ispami, ýand, I appkad it iv"t
all my heart and IVgrwsly i'e et.theprobleias tt they have in keep,

i the pgram g.in . But I ,cu ,wht y at the otherZd of • •the spetr ý hot,.ow ewd• which• i is, l yikrt
some, if not exactly parallel 66oft, isoe comparble esotm is notadvrisable. , , . i. , .. .!. . .. .: . ,

I!'e many pr1wets inFAA bearing pn this subject hut I don't see
itall being pu"le_ togherin a systemlike, way, mad tat again raises
the question, who is in charge # And in oe-of my former pae.rs, I even
went so far as to recommend that there ought to be .a aseociate admin-
istrator of FAA for V/STOL systems. -

This is the kind of approach. I would, like to see, and if it is there,
I have not identified it, at leastI. - , : . ',
S. Mr. HzcmauP. As: you know, this, committee and members of this
committee have frequeetly made the obeervation. that we should have
a national aeronautics aid aviation policy enunciated at the highest
level. Do you feel that if we did have such a policy that it would b= of
anv Assistande .

General voa KAx.i I think it would, sir, a%;d I have been encouraged
by some of the testimony earlier in *the course of these hearings. As a
matter of fact, as;I wiUpoint out in my oloming paragraphs, I think a
lot is underway now iin: the. joint DOT-NASA study, and in what
"alpear, to be•thbe futu.e .course of the National Aeronautics and
Space Council, to bring about this. sort, of a grasp of. the problem, and
as a policy' statement, and I am very much encouraged by these
developments.

I just hope they,,keep moving. ,
Mr. Hx1vm , Thank you. ,You may..-proceed, ,
General VON, KA.x Yes, sir.
Now, as to the pr;oblemsx attending our impact, on the environment

and the quality 6f life,! I expect that these way not seem serious in
contrast with those -of other industries. Onthe other hand, they are
very serious for us becianse theq can affect our economie viability.

In our effect on the enviromni'ent, the principal areas of difficulty
appear to be jet aircraft engine noise and the imminence of the sonic
boom which is expeted to ac&ompLny commercial supersonic, flight.
While we are having b6ine difficuny at this time because, of the smoke
emitted by certain let engines, this is largely a problem of 7esthetics
rather than chemical| pollution of the air; and because of the voluntary
industry programs mentioned earlier, all jet engines will be smokeless
well before the end ,f the coming decade.

The reduction of -jet engine noise is a much more serious problem
and calls for an even greater R. & D. effort than we have seen to date.
The statement submitted last year by Mr. R. W. Rummel of Trans
World Airlines provides an excellent, summary as to where expanded
R. & D. programs aimed at noise suppression are required. Nothing
that I can say can improve upon Mr. RUrmmel's statement.

The subject of sonic-boom generated'by supersonic aircraft has been
the subject of so much uninformed dissuasion that one is loath to raise
the matter at all. On the other hand, it would-stem that a greater effort
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neir to shiexistaud e6mf booms indfind out how, to reduce their signa-
ture would pay tremendous dividends in about 10 years when super.
sanicp',emmer l air U.' tbprt bmimes cominmoplabe. The current
*d of i fusume" to ber, riaftru nimal, and, it. ie disult to believe
it eoIld raotl be t6ed u1 by orders of m.guitudi.

Mr. ,.N ,LVL c all, the official statesments are that the
8bc:!bao6 pi~mm by SST•7s•wn,•oi g to exist* because it is not
**4 -gto fly over the eofitinental United. States.•

General voN KANN. Well, we should also have the objective,
though,jfot okn- te T a good neighbor over land areas as well as
over watw Arft or desert arema I agree that it can't--the sonic
boom behW what it is--bt I believe we have a problem there that
we thould be tryiag harde to solve.

My conlu.ding comments, sir.
While I have attempted to describe the general areas requiring

additional civil aviation R. & D. effort from the standpoint of the
realities of thenext decade, I must point out that nothing I have said
is really new. The airline group which appeared before this com-
mittee last year, and of which I had the honor to be a member, made
virtually all the same pints.

The Transportation Workshop, which was organized in 1967 and
produced an excellent report in 1967, covered these same areas with
great competence. Finally, the National Academy of Engineering
in its 1968 report eo6et"d the same list in a swhat more abbrevi-
ated faishion. what concerns me is the fact that during these 2 years,
While all thmse problems were widely recognized, civil aviation IL & D.
p ms appeor to have changed but little

It t erefre seems to me that the emphasis needs to be on action
rather than on further testimony. Yet I do not want to imply that
nothing is being done. As I have pointed out, the necessary R. & D.
in air traffic control has been spelled out project by project.

Further lack of action here will simply be an admission that air
congestion is not regarded as an important problem. There has also
been movement -in thafdialogue between DOT and NASA which has
resulted ina* joint undbtandingd -between these two organizations
on how to approach civil aviation R. & D. This understanding is
being followed up by the joint DOT-NASA civil aviation R. & D.

T StuSy should produce a more careful definition of the specific

project needed to flesh out the general problem areas I have dis-
cussed. It is very important that this study be supported on a high
prority basis -and this committee should interest itself in the results,

bohasto timulines and content.
While my remarks have been directed mainly toward IL & D. in

relation to the operational and environmental aspects of the air trans-
portation system, I do not intend to imply that R. & D. directed
toward further, increasing the safety and productivity of conven-
tional airplanes is not important. Many items in this area were men-
tConed in last year's testimony by airline representatives and in the
1968 report of the National Ac iemy of Engineering. Undoubtedly
they wil also be included in the joint DOT-NASA study.

" am ereouaged by whit seems to be an increased effort on aero-
nautical RL & D. in NASA; however, I must state quite frankly that
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more work need to be done to insure tht NASA p rogra are
re lve ,o :.uee~wr �. nts*,: -,eytlQ6Wy OT-NA$A study will
produce VoWitiva es in, thi reqpect.

-AxdI umghb say, 4i that ~Wme I drafted thsw xqmarlv, I have-Wa
the epportunlty to, s W. A4.' testimony of last week, or was it
tWirr ",weA ndbre Imabou I see sig n in the
apparent direction of the National Aeronautics and-sace Council,
and again I hope that these two efforts do a great deal to spur on
this policy statement which you suggested, and the need for which
I heartily suscribe to.

"Ag othes ommittew knows, the: world leadership in aviation which
we iAtmarly enjoyed without question cam no -onger be taken for
grxnted. If we lose our technical superiority -it will oe a disaster both
militat4 as well asemovouically. The level-of effort in our eivil
aviation R. & D. in the seventies will,. I think, be. the decisive factor
in whether we fail or prevail.

Thank you, sir.
Mr. -.Hmmu Thank you, General von Kann. I appreciate very

much the thoroughness of your statement and also I appreciate your
tolerance in terms of our interrupting you during it,

General VoN KANN. No problem, sir.
Mr. Hwaitaw It was so challenging, some of the things you said,

that it stimulated a lot of inquiry.Mr. Goldwater, do you have some
questions you would like to ask? If not, I would like to pose this
question.

-General vow KANN. Yes, sir.
Mr. Hn•vix i How much do you pay attention to cargo in your

association I
General vow K~xzz. Well, quite a bit, sir. I may have to submit

something for the record here,-because my own department is not the
main element in looking into this. But our association was very
"active in the work to standardixe the containers, which of course has
a marked effect on cargo economics.

Mr. Hiwuvma Well, I am not so much interested in the details of
how you trasnport cargo, as how you equate the means of transport-
ing cargo with the very problems that you raised here, about air-
ports, for example. It seems to me that you ought to think of this
whole icture in terms of the economy and your moving cargo as well

SoV7ý4 can't simply say, well, we will push that problem aside and
have a separate airport out here- for cargo and another one here forPeople.

feneral Vom KAoim. No, I don't think we .are going to be able to
push it aside, because the planes just don't come out the right way for
that. All your big new jets coming into the system will have a lot of
room in their bellies for cargo, and this will have to be done.

Mr. HwLnoR. Considering cargo, and cranking that into the total
picture, would you make any further observations on the problems
that you have raised here?

General VoN KAxN. Well, they are certainly part of the problem,
sir, and what I would like to do is perhaps to go'back and see if-we have
some material prepored that ooul.be submitted.

Mr. HcEmzH That would be helpful.
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VON W." BriiW the cargopart into this which is
largey pl i6 ~dhtd, TI 11mic e Keally all- think of the

pasn fnirst, b e cauete ame hiuian and the cag isn'tt
Mr. -bt*vrri~OtnlCrin tedervelopment

6of ur ei eonolmJy' "d 'eItowits ghi to 14Withii h.It vwnt-to
Make SrEtir e aaiwtidýate Aome 0 the ,iala. hscland
otherwise. :-- .-.. 1

'General v ow IC&Ktisý A lot of -work hap bewi done -and I will report
on that for the record1, sit.

Mr. HzcaBLE Thank yTQu.
Mr. Goib*A-rf.Ir do halve a- u~estwin. There hee been, a lot of talk

abouit air t~a& i.oflt~rdI, the ;-ebLezns ýof kýongiskion and, inadequate,
11~othWiis'iat io t~h .q a itnif -of the A~ir Tmuprt Association, toward

tepondbility6 dfaflevhli'n at' thawe problems by: plieing the
i~pondiil~f'h cokp itnstead of on the ground, or rathfer more

of it into the cockpitI
I am not;syi that.the pilots don't do anything. BuVtbeuhe has

beeii alk ofIna~ of. #uttiiig a&l the' responsibifiify -for trath oi the
Getndp ptig i~ n~tecockpit.

GnrlvoN KA4ý; Yes.' Welf,'there is sova thought. along this
line, and this can be done. As a matter of-faot, there are some proposals
ina our study hier; hi ihat regat-d. For example, we have supported the
use of -area navigation systems, 'which is really a high-class word for
kniowing more acc~urately ill the, ;ockpit, where you are in relation to
the ground.

And we suprt the idea that by the use of theme systems-, you can
take a great deal of sue *orkload off of the controlloii3, because you, can
clear a pilot to ~follow a given route almost from one airport tboanother.
As a matter 61 fadt; I hope in time, we see. lmn cleaied from runway
to r-unway.

And moit 'of thework wcaild be done in the cockpit. Also, your
autoiriatic comxbiulications, digital eoftninuhicatiens -will do a great
deal to unload bqth the pilot; and the controlleir. So you can do some
of this. On the othek' hand, 'the *central brain of tlAe system, this big
central computer that is going to have7 to know where everybody is,
will probably have to lie on the grounvd.,1'.!. ... I

But a lot can. N done, 'and' I thitik a lot is doming into the system
right now that will biý'helpflhl in that rtspect.

Mr. GoLwwAT=. I think your association certainly has a great re-
spons~ibility. -As Chaftrman Millera pointed' out, probably you people
abv all can bb incitevaluable to developinig an'oterall system because
you actually use it. .MI.

One thing keeps cropping0 Upin my mindand I guess I sound like a
stuck- record.u it 10 )r0% a4; because T am part.,of this problem,
and that is the 'area of g~heral iviation'and the problem that it
creates for, commercial 4 6n. It always sieemsr that the emphasis is
on commercial aviation, bo~liewhAt at the'expense of the: weekend
pilot.

But the weekend pilot does cause a lot of problem's in the transporta-
tion: industry. I am just wondering, in your uetion to develop this
system, if you haver made recommendations for the handling of 'general
aviation in relationship to handling of con#inercial aviationI



Gmzwal vep Kinw. -Yea, Tha is developed in our repert, and of
course it is treated in very great detail in the. DTFA advisor
commitbeo ="xx I mi141M. ua7 in answering this question that I or

the lairl~. hUt IVIO -ya sMall plane myself, so I think, I have
ow fair aiwz*. m ~ pth
-Auimy 6ee6ai"istbwe imlyk'avs to Inake arrangements so that

everybody has sa reasonable 6harim' The counr ned ;athriving
general aviation establishment. We lead the worldin j~kweraxI aviation
as well, as MPW tw wpt vistnlo and I dont want to see eiter one gerby
the board.

We export a lot, of sirwoTft, too, of the smaller typ". So I think we
have'to aiim for a system whereb we 9Twgeneral aviation amp~le rowni

to Now ,I -mustl-ay.ithis. I that in reaching thi& better
Wsi;WMrgoiagtohavetogjiveupcertain'thiiigs.

We have had to back off in -certain areas. For awhile, S or 4 years
ago, the, idea of cormdors was repugnant to airlines, and you can see
why, You dofiit like'to have to go down the river-, all in this so-called
ellsoant line: NIW` *e are recognizing that in sorhe areas this i's going
tohavetobeWone.

I think general aviation will have to make some, will -have to ac-
commodite itself -in oft-gain ara.I think that largly it will bear
on queflification of equip~met and pilots in the hnirger density city
parea But, on~the other hand, there are only a few high-density areas,
anýd all'the airlines in the eoafntry only use 500 out of about 10,000
airports.flatuI.just. think~we -have otto. do more at working this thing out
and-botlh hauyi gut td give a little and somehow we -have got to make it
sothabbolih allelezrents of -the industry thrive and grow.

Mr. GoLwWAT=.. I am sure your saggestion would be very valuable
in developing this thing.

Generail voN KAi~xirWell, we have made some. The Alexander
Kguphbas.wiride others.hei intermittent control concept is really the
key~to;wi~viulgsageneral, wviatiotn o~portunity to operate in the so-called
crowd4tair * -But -wecoireentrate a lot on it.

avr irline'ds'io agree wit every other one on how to go
about it.1 But, I think that-we-are making progress toward a realiza--
tic hatievybody Jragget to have a chance to live in this air.

Mr. GoLwWATmR In somewhat of a minor area, are the airlines hav-
ing -difficulty, inf findin g people that want to become pilotsI Is this

General voN KANN. No, not at this time. There seem totbe plenty. of

=eoIt.,Of course~you have got a lot of military pilots who leave the
sevoand wm'tto -b, into privisU mindusltry. You probably know

from, seeing the sialay soales that'it is not too bad-looking- to a fellow
wh~ has been getting along on military pay.

in the area of the mechanics, that is taking more of an effort to
keep oarselym~ well-manned there, and -we are working with some of
the'editeetional -bodies toward better aviation training, so that the
variouns4urriula, hive the iecessary technical -courses so that 5, 10
years from now you won't-be-rurming out of avionics types.

IAvionics -will be oenr that we have got to watoh. But on the pilot
area, no probem thereasent now.
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Mr. GOowwAe m Do pilots have certain pofocienew an pemociewy
tedst they take twice a yer I

Generd vow K*xN. Yes, they take chacks of about that interva.
Mr. GOLVWAiin Airine he to find runwas to make touch and

C landings. As a matter off awct, just oba hs* runway is. in Ca-
orn* at Edward Air Fores Booi wheo anething l1ksvaral

thousand touch and go's were made just in I month.
Gemad vow KAx-. Yes.
Mr. GLeweAi Is this beosming a prsblun, the ,finding of ads.

quate runwaysf
Geomal vow KANN. It is not yet a serious problem, but it is sone-

thing we have got to watch. Now, up to now you can find enough, you
know, former military airfields, things like that, or low-deuaty air
fields. I know in Los Angeles they s to run over to Palmdale a
lot. I don't think they are diag it a much now.

A90you my, they use Edwar-d. The problem really is to get that sort
of a field near enough to their base that they don't spend a lot of time
going back and forth. Naturally they would all like to have it 10
miles away, as they have to move further out it becomes somewhat
of a. problem.

But now in places like Florida, it is a very different one, sad we have
all heard about the recent discussion on this trai ig airport. I think
in that part of the country it is tough. In other parts of the country
they have seemed to be able to find military or former military bases
that are reasonably adequate.

Mr. GowLwATzL. Someone brought up the point in the discussion
here that in relationship to noise that perhaps the airlines should be
making a greater degree of angle of approach to the field on their
final glide slope-what is it, 3 degrees nowI

General vom KANN. Yes, 21/4 or 3 degrees.
Mr. GOLWAAT. There is talk about a steeper descent.
General vow KANN. Yes, that has been diseussed. And I think prob-

ably in time there will be more of that, because you do get some
alleviation, you get several PNdB's by steepening the slope. Now, the
trouble there is that with the current cockpit equipment, I don't think
anybody is about to do it, because when you, you know, we have had a
few bad ones in the last 3 or 4 years because of too great rate of descent
and over steep approache.&

So I think with the current equipment, your safety is going to
require that you stay somewhere around the 3-degree glide slope, par-
ticularly in the final stages.

Work is being done to push it up to, say, 6 degrees, out further,
maybe as you would approach the outer marker, 6 degrees, and then
gentle your slope andt ome in. Troubleis that really doem't buy you
too much, because then it is in the last 5 miles that you are getting
most of the complaints.

So you are going to have to have better control equipment in the
cockpit, in my opinion, before pilots are even willing to talk about
a steep appiroach toward the point, toward the point of-Rare. No reason
why it can t come in time. But it is not here yet.

Now, with STOL's, we are taling about 6 to 7%, degrees, and I
think it remains to be seen even with the STOL's whether we have
really got all the gear in the cockpit that you or I would want as a



pilot t6 nfak* sdfes wefiwed Othe kht time,; did the right soon
booumiss.

Vh V/ % at 0NOW, bowhettert tIn• that is another
reieano whyweo be insrtsted in. V/STOL, becamse dab ides of

Mý . . Oliiat WI~ oVer thor airport is V~r, 0,V"y alluring
from t Poft no"e •a1•VWion
Mr. Gomwivois. Yes. &Tit4s alI ha;ve.,
Mr. HICHLm Thank you very muc,-GOnen" yon Kamu ,I Appre-

ciate v *u t• bu n beb" * co6nmmittbe.
GeneraVlioN KAVNx. Well, I will submit the additional information.
Mr. Hzcmic-. Very good. Before we conclude this morning I would

like to simply Indicate that last year this committee received some
excellent testimony from Charles "H. Ruby, president of the Airline
Pilots Association, and a number of pilots who accompanied him. We
asked Mr. Ruby this year to testify and I regret very much that he
was unable to work that into his schedule.

We then asked Mr. Ruby to submit pertinent material that he felt
would be of benefit to us in these hea I have received a listing of
17 recomini tionp, of a=aýwheerein tli Airline Pilots Association
feel that additional research work is required.

I urge that atteWtion be focused on these recommendations and that
action 1i taken where requird. Some of these recommendations are
specifically in the realm of the, NASA research and development
and I hope that attention 1can be directed by NASA to these
recommendations.

It is difficult for me to sa where product improvement normally
carried out by the manufactuzers and research effort by NASA is
required. However, it is ebvkmzs that as lag aircraft become opera-
tional carrying upward of 400 passengers we cannot fail to recognize
.the seriousness of flight safety items.

As a result, I urge all those concerned to study this list and see
firsthand the primary items that concern those who actually pilot the
planee. Without objetion, this material will be included in the record
of these hearings atthis point.

And if there are no further questions from members of the com-
mittee the committee stands adjourned until 9 a.m. tomorrow.

(Whereupon the subcommittee was adjourned, to reconvene the
followingmoramng, Thursday,December 11,1969, at 9 am.)

(The document follows:) , •
Am Tmn Phors AsoozxrOu,

WaAdston, D.C., Deoemser . 196.
Hon. KxiHwDHLs.,
Chobcu'• gt HubommUem ou Advmane R•aesreh asd Toeekseogo, CenumWe on

Obieace and Aetronmesti, Hosse of Rep uetuati•e, WeeMOug'o D.C.
Du~e M& OuAImAN: This La tq express the views of the Air Line Pilots Asso-

elation today with respect to the. tlwvties in the field of aeronautical research
and development and the need'for additional researeh and development that will
be requiWi to meet the prblemsa f airline pilots operating alrcraft in scheduled
air transportation. To be of as. much assistance as possible to the subcommittee,
we are. b-lblghlming Poblemn areas wbkeh have repeatedly caused catastrophic
accidents #ue to lack of reseaith and development and also lack of application
of completed research and development for accident prevention. Some of the
problem aroma have had research and dAevelopment to the point where airplane
design and operational wreulatoq action should be taken. We have given con-
slderation to try to foresee w !, new types of accidents of a repetitive nature
could oeur. We belleve the problem areas, which are set foarth on the following
pages, require resgth and Gevelopenet not only for cvhing toda~s aeronautical



**Ua b~'fe SO. ftIMC21 oroblqsnh of the ext ten

A~s You*rax~e h1Ane,.OAQc$"Wer 8 I-Oftw "I iiete21ba I'll" ' =e#ws to tiesub-
eOaimittee* ilhib A~ to Ata 1r~esesub an s Imbn nee for
1acv"st"_ tjesutr. sad eCdsif.Woer tak aspoftsock We believe, the Infoe-

at Is still of wlinmepneqesn hpwever. we would
call your at tetbn tbo the ieitzam#. of 4VO ta 4nrohprovemepts and
collision avoidan~ce system mid Vri ~ nidctks ear&*pattfevjly
concerned that research and ieeots:t ther LM aiid~pt wamink dices

~~h~oUC~iuttO"n, aerongntal~* resah,. w c bvaon

I , OnANAz 13.Rva, Prea(4ent.

The record of aircraft accidents' ibows thab, we continue- to, havte potential
struotoral; fsaibuM, 1w W: air~w raftOw ~iuIn ao*O~ sees to *Otalfatigtbe, or'the

o~~exU~ptpqU = itqturbul qce ofsu i aplwethat the
4es1oad'factorqkare ex qed and catast lexi prime sutre fallue of the
ah'rau occurs. We be~lieve idlitibliai research should! be lmondated, in the
public Interest, to determine wtither; or not the aftplanes fabrieation alloys are
becominag so, exotic In comapouition that while tliey are stroaff enough to meet the

curen4cftlaIM&Ol requirementa, the queston. 4. anr~ they strog .l9ag enough
Aor he life of the airframe. Also,, a~,t~ sheuld be made to reascertain whether

the tkr~eii gut l~d ~reuth 1tziaofyor certification: of 'aircraft are adequate
to mlinhimi the M6s~blt of -an, overload failure, oodurrfng' with catastrophic
results.

_!The eutbcoumm~t~e iqaware thAt in t1W past. after such accidents occur, ithe
Airlniw ar ihr"rudd rswnwt eeersrcin until they have
theirsrcua e's mlae yri~cneto ll~ve design. These

art :Sudest~ deemenewhehe orno 4 llfiat rguatinsfor airframe
srngt eqie nt admtlftgepyxtp rqients are adequate

soul e-udrae o odysfetadapyal fnngo to all future

Cointhon46bly, one air carret is -curr'ently e6ngaged In an extensive *Ing struc-
tural-Ameovement, A6 add strensth and: stnumln& to the Lirge tPAnsport they are
operating. We consider that the Item of airframe' strengthanti l~ft strength falls
within te pcop' of the hearing an arnt very serious and toroughrve
by the subemmitfte.
S. Avofdai~ce of' Attn 01sato i4eoi for RAhOito' alsd (Yoisrof of Aircraff

Through' ipsthpsno.4,q61 1&;ments fo~r'flight control of
transport aii*ca* by 'aerd4 ai pmestem thp, id bedtelbi The prset
trend of stability and control augmentation eontsuilaates' 'thei-ftiht , control
system aad when aialftnctiMhioecurs, loss of.eontrol of the aircraft can result.
Remeardi and developMent shoolud be conducted to determine the aerodynamic
design needed for stability and control of a transport aircraft throghout the
operathng fight envelfte' voitboyet-taugmentation, or a, design such, that,, when It
fallsthepllot-an safely hand-fly-theafrplane.'- -- kI"
S. -CatesaW6phic Efeoft of Ts~bbe ~Ak~ DOa*IegrreonM

Th3e tuobine exigluet~as developed Into a rem: ik~bie Meiable powe 'plant for
airline. use.: Its time 'betwre 'oV eutau has resache4undreamed' of 41ght hours,
10,000 or more on somge' > ~~eie, tarrbifie daglnee are comtpdsed of higb
speed rotadtin parts which * ' tipo ~sltegrttloon have force of a 'mis~ioe flred from
at sizable cannon .. The disintegration of only one or mo~re of the ihajor high speed
rutting ' mp6nerito of thle ti*f.eLOngine boa th6ecapability of' producing a
catasftrophic strtwtural failupe to iti- eItent that the airplane I# n*o longer con-
troilla.ble and 4 fM41 crash rej*lt.* * e at *esent flying Aptlroxinmately 2,400
airline 1 arci'ft with more. to -comie *tb I haye' turbine powerolants Installed.

A rdz4teep h and' evelOOMqto is ieulr~d to aass~r 0tht' when -high
'rolaufl k Lupne iu~e'xiMta-ds '~ntegr~tte, tl1W parts will either be con-

tafaed~within -the t iie1 c ,ompartment,* or d~fleited Into The fr66 air without
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striking the a&hlfans. In addition, a warning system of instrumentation should
be prolded to warn the flight crew in tcemt tme so that the failing power-
plant can be shut down before the detructive dislntegration occura. Such a
warning system would tell the pilots to meheanically atop turbine rotation prior
to disintegration, which may be a way to prevent the destructive effects of a
failing turbine wheel or blades.

4. In-Plight Fire Prevention a. Poet Orash Pire Preaeios
Commendable research has been done to -IM-z in-flight fire and post-crash

fire; howser,, the researth time sad money spent baa been somewhat of an
exercise In fuality. This Is because this dynamic inditry ,is advawcing so rapidly
in producing new advaned airUne airilanes that tme' has, sot been taken to
incorporate all known owns to minimize in-flight fire possibllties, and since
they can occur, positive'fire prevention research has been completed in regard to
minimizing fuel spillag, due to broken lines, torn tanks, water inerting of the
powerplants, and undoubtedly some other detailed Items However, the record
of catastrophic in-flight fire exposure continues, and catastrophic post-crash fires
continue to occur. This is an area where coordinated research and development
of hardware, promptly installed in airline airplanes, can minimize the continued
loss of life and property due to the effects of aircraft fires either in-flght -or
following a survivable accident.

5. Clear Air Twiusece IsaruemntUoi
Research and developanhut should be expedited to produce clear air turbulence

Instrumentation which will enable a transport airplane to be flown without over-
stressing the airframe and without injuring pawsenger Some research and
development, including hardware, Is presently being service tested. We urge the
subcommittee to takewhatever action it can to expedite research and develop-
ment in this area, since this type instrumentation is needed not only for the
present airliners, butMwll be vitally needed for supersonic flights.

W:. Sabotage Prevention I
The threat of some deranged person sabotaglug an airline airplane is still with

us. While, extseasire. research and development has been coladucted and is con-
tinning, it. would be well for the subcommittee tp delve deeply into this area of
continued accident exposure to determine If a sufficient coordlnated research and
development efo rt is under way. In our opinion, with the airline aircraft con-
tinuously increasft In, size, .the exposure to the loes of a large airline airplane
becomes greater.

7. Control of Irratonal Passen er#
A containUing probWln of airline pilots is the control of Irrational passengers:

These mAY be " ssengeis Intent on iabotaging the *irplane by shooting the
flight crew, hijacking the aircraft, or becoming uncontrollable due to fright or
other reasons. To date; we do'not have & method or means in effect'for rapidly
Incapacitating a person Intent on Iluiflng any of the actions previously men-
tioned. A survey of the research and development status in regard t6 controlling
Irrational passengers should be undertaken so that a coordinated effort can
be made to letermine which the the most promising eff4rts of producing the
desired result and expediting the necessary studies and research.

8. Airplane Noie Reduction
Airplane noise has been a problem to the citizens living In the vicinity of

the airports practically ever since the airline transport-type airplanes were
used in scheduled air carrier operation. As the state of the art of aircraft and
engine design advanced, the airplane noise problems grew proportionately.
Citizens on the ground near the airport are really seriously, affected by airplane
noise and their complaints should not be disregarded. Research'tO minimize air-
plane engine noise is in progress Installation of airplane engine noise sup-
pression systems Is in the test stages and some promiSe for relief is indicated.
In some cases, engine noise can be alleviated by penaliZing engine thrust;
however, the economics of the airplane may be adversely affected to the point
where the amount of decrease in engine noise that is required to satisfy the
citizens will result in an airplane which is uneconomical to operate. Research
should be expedited to determine where the compromises between the airplane
engine noise suppression and the resultant loss of power versus controlling
land use in the vicinity of the airport must balance. Since the transport airplane
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Is lnereuuing In slW *a w4Q as the .werplensthe t~bhnolop rsuired tW•
dete=rmie tois01blet MIse levels for *;eU.4. eitiz i# a vitally nssded research
area for IMWjemhat for today's aireraft amd obviously a must for tomorrow's
aircraft with4behr mre powertu engines.

NAVIGATION OF AIECIALT

1. Air Traffi Control Iupprwo,.mewt
Considerable research and development for improved air traffic control has

been under way for a number of years. These efforts have produced some favor-
able results altbhdgb the number of aircraft In the system has consistently out-
distanced the capability of the ATO System to, effectively handle them. While
the planned automated enroat and teminlal centrel systems will poesibly
provide some relief, we believe It ts largely a es. of "too little-too late."

It is obvious that the Integration of the large Boeing 747 type aircraft as well
as the Supersonic Transport into the existing and proposed airline fleet will
add considerably to the ATO problem. The fantastic growth of the general
aviation fleet; to an estimated 214,000, in 1980, will also provide many addi-
tional problems to the Air Traffic Control System. As Is well known today, the
air transportation industry is in the midst of a "congestion crisis" and there is
little hope that current plans will alleviate the crisis.

Research and development, at a greatly increased rate must be undertaken
at once, if complete chaos Is to be averted. Such research should be directed
along lines other than those which have been followed In the past, since it would
appear that there Is little to be gained in this direction to meet the future
needs of air tralle. It may be that, In order to supplement current development,
research should be directed towards procedural and regulatory Improvements.
rather than to continue to rely entirely on hardware. We believe the current
plans for the Implementation of Terminal Control Areas, as proposed by the
Federal Aviation Administration, should not have been thrust upon the Industry
without a great deal of research to determine the most effective configuration.
The applicable rules and procedures were also issued without adequate research
to determine their effect upon the flying public. It is because of events such as
these, that ALPA firmly believes that there must be a tremendous Increase In
the research and development effort, it we are to ever have a safe and efficient
Air Traffic Control System.

Improvements In air traffic flow can be realized rapidly by an expedited air-
port development program since the airport is today, and can become Increasingly
so, the bottleneck for the whole system.

In recent months, we have seen the advent of "area navigation" Into the
operational environment. The FAA, although moving slowly in permitting its
Implementation on a wide basis, has developed methods whereby prospective
users may Install and utilize this new equipment. It is essential however, that
research and development be continued at an ever increasing pace if the 'Federal
Airway -System Is to cope with the tremendous increase In air traffic that has
been forecasted.

One of the fundamental ingredients In today's air traffic control problem Is
the vast amount of oral communication by means of radio which is required
by the ATC system. Although considerable research has taken place to overcome
this problem through the use of data links or digital air-ground communications,
there are few indications that the development aspect has progressed satis-
factorily. The present oystem is slow, cumbersome, and wasteful of the frequency
spectrum and is subject to many human errors, which require much time con-
suming repetition of messages essential to flight These problems can be corrected
only through expedited research and development programs.

S. •olWao• Atvide•se 8ystems and Procimity Warning Indicators
ALPA considers that an improved ATO1 system must provide the basic separa-

tion between aircraft which operate within the National Airspace System. It is
vitally essential, however, that a "bsck-up" Collision Avoidance System be
provided to enable pilots to take evasive action when the ATC System falls or
may not be available. A -redundant airborne Collision Avoidance System must
become available as soon as possible and mandatory Installation required in
every aircraft.

While the airlines, through the Air Transport Association are developing a
Collision Avoidance System Its cost and complexity are such that It is improbable
that many general aviation aircraft will be able to afford its installation. Since
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less than 1* ot the mid-oir eollkions In five years involved two airline aircraft,
It Is, obvieu that 4dUine arvaft aMd gemral aviation aircraft must be pro-
vided with a means to avoid celliasio with each other. Furthermore, since more
than 0,% ao ts mid-air collisions during the same period were between two
geseal avittes afte aft ft Is even more obvious that some form of Pilot
Warning Indintor (WI) must be made available for those aircraft.As we state wo your subeommittee on October 8, 1968 "--consequently, col-

ls avoidace instrumestation suitable for all airplanes should be provided
at the erliest Possle date. An examination should be made of the current
00 t of research activity and also whether or not adequate funding has been

provided to expedite these requiremente."
A low cost short range Pilot Warning Indicator (PWI) is the only hope for

producing a means for pilots to avoid mid-air collisions. They can be installed
in all types of aircraft, (small civillan, large civilian, airline and military
aircraft). The PWI, due to Its low cost, can be installed in airliners even though
they may ha-ie the greatly needed sophisticated ATA Collision Avoidance
System equipment now in test stages. This would provide a back-up in the event
that the CA$ installed in the airliner becomes inoperative or has limitations in
the terminal area.The PW7 matter has been active since at least 1956. On June 1, 1958, the
RTOA published a report entitled "Operational Requirements-Proximity Warn-
ing System." The requirements were so severe for a PWI that apparently no
progress was made and the matter became dormant. The NASA Research Ad-
visory Committee on Operating Problems, in October 1965, decided that the
mid-air collision problem was not being adequately researched. A strong resolu-
tion was passed along with appointment of an Ad Hoc Committee to determine
what research was being done. The Ad Hoe Committee delved into the matter
and found no Rl&D going on for a PWI. This is substantiated by the fact that
when NASA Plectronic Research Center and NASA Langley Research Center
delved into the problem, they had to start with basic research to determine PWI
concepts and design requirements.

More than three years have passed since the NASA Research Advisory Com-
mittee on Aircraft Operating Problems passed its strongly worded resolution to
highlight the importance of the problem. It is inconceivable that page 2 of the
recent NASA Report No. TN-5174 titled "Compilation of Data from Related Tech-
nologies in the Development of an Optical Pilot Warning Indicator System"
states the research effort was conducted 'mostly on a less-than-full-time basis."
This is a shocking statement in that the mid-air collision problem Is so serious
that the research should have been conducted and continue to be conducted on an
overtime basis. Directing attention to this report Is not Intended to adversely
reflect on the NASA scientists and the commendable research they have con-
ducted. but rather to focus attention that their efforts should be augmented and
adequate funds be provided without delay.

In view of the almost complete lack of expediting progress In this vital area,
ALPA once more stresses the tremasdox8 need for a full-sized and adequately
funded research and development program with the objective of having Pilot
Warning Indicator equipment available to the general aviation operator at a
price he can afford. Past and current efforts along this line have been predicated
on criteria which we feel are much too demanding for a low cost PWI. ALPA
considers that the first step in this direction should be to develop a low cost,
short-range PWI. Once this type of system is in common use, then steps can be
taken to "glamorize" It by increasing its range, improving Its Instrumentation,
etc., for those that can afford more sophisticated equipment. However, we do feel
very strongly that every effort must be made to develop the low cost, short-range
PWI without delay. The Justification for this type of equipment lies in the fact
that, over a period of five years, some 89% of the mid-air collisions occurred
25 miles or less from an aiport, about 77% took place at an altitude of 3000
feet or less, and approximately 98% had a closure speed of less than 250 knots.
In this regard, In the public interest, a realistic target date, preferably not more
than one year, should be established for the commencement of PWI implementa-
tion Into the general aviation and airline fleets.

It is only through action such as ALPA proposes that the mid-air collision
hazard can be eliminated, or at least minimized.
-8. 'lear ' rurbulence POreerwai
I There should be an Inereasing research and development effort made for provid-
ing a clear air turbulence detection instrumentation and forecasting service for
efficient and safe flight planning. Bven though clear air turbulence detection

ImmI mm mm mm mlImI~ ~ lEliEinn lumm
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instrumeutatlml may be installed in the airliner, it is still desirable.to avoid the
turbulence in the first place by dying in area where It will be non-ehstent or
minimised. To minimise? the effects of clear air turbulence when i. in detected by
instrumentation will require the pilot to either slow down the aircraft, which Is
undesirable especially at high altitude, or make extensive enroute deviations to
avoid continued exposure. Either course of action. is undesirable from the stand-
point of safety and economics due to the additional requirement for either slow
flight through the turbulence or detouring around it, as both are time consuming.
Clear air turbulence detection instrumentation is vitally needed. Techniques for
forecasting clear air turbulence. are also vitally needed and will enable flight
planning for maximum safety and economics.
4. Airborne Radar sa4* Weather Improvemets"

Transport aircraft are being designed to fly at higher and higher altitudes;
particularly future aircraft being planned. High flying aircraft require radar
which Is capable of providing the pilot with Information regarding the weather.
Specifically, the need is to develop radar capable of functioning at high altitude
where low moisture density exists.

An explanation of the foregoing appears pertinent. The present weather radar
Is really a storm detection device. Its principle of operation Is based on the
energy transmitted from the aircraft being reflected back to the receiver In the
aircraft by moisture particles associated with the storm area. The greater the
moisture density, the better the picture on the radar scope.

In the lower levels, this Is a very satisfactory system of storm detection,
enabling the pilot to thread his way through a detour as required. As flight alti-
tudes increase, the total moisture density decreases with a resultant loss of the
radar picture that enables the pilot to determine the severity of turbulence asso-
ciated with the storm area because at the higher altitudes the total moisture
density in each cubic foot of airspace Is materially reduced. Either further devel-
opment or improvement of the present radar systems for weather avoidance
purposes is needed or new development is indicated.
5. Standardization of AN Airoraft Instrumentation and Natigatfonal Faeilities

Development of satisfactory testing equipment and calibration facilities are
absolute essentials for flight instrumentation as well as flight navigational sys-
tems In order to provide accuracy of readouts on each aircraft type. Therefore
when the conglomerate is operating in the same airspace all altitude references
are accurate and identical, as Well as airspeed readings and Mach meters being
identical. Flight navigational systems must have the same relative relationship,
one to the other, with respect to the geographical position of all aircraft operating
In the airspace.

The foregoing are simply examples 'of what must be done if we are to obtain
efficient and economical use of airspace with a high level of safety. Once system
errors are compensated for with sophisticated checking equipment, a long stride
will have been made in providing accuracy for instrument readings which will
report the various parameters they are designed to record.

Present aireraft and their associated navigational facilities and Instrumenta-
tion require improvement In terms of accuracy and relationships one to another.

".. Airport Developtnent
We foresee a continuing need for the next ten years and beyond for research

and development of our airport system- At the larger metropolitan areas this
must also provide'for the access of people and goods into and out of the airport.

There is very little need in the way of airport safety and efficiency research.
What Is needed Is recognition of the present and future needs and the money to
provide for these needs. Extensive airport safety and efficiency documentation is
available to the committee not only from this Association, but also from other
industry segment& The problem has ntow become widelt ksnowm and the foreseen
"airport crisis" is now with us as it will be for some time-unless known steps for
improvement are promptly taken.
2. Fog Dispersal for Safer Takeoffs and Landings

The record will show that, historically, the Air Line Pilots Association has
been actively participating in pursuing ways and means to accomplish all weather
flying safely. At certain times, the ALPA groups of a particular air carrier have
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advocated lowering minimums for a certain type of aircraft, based on their col-
lective. riee relat toth n of the airplane and the integrity oflecttv .•ri~ce r Lat the bandil •ft h .

itztAn pfthLt 6 hr tdines, tiihe ot poups ofAialdine have fought

2X& dr bif'iiiitt ?o# cdtanty ' Irplah*s again based on
u.nQ ,the confidence needed for f .i.ncowLr nimums.

~ theb N bnrts automation such an antopiOts
Srittioi. HdweVr, Autmatic equpnent 6f all

i~s pr ~~Q eaece tidfil aI this r-egird, for zero-ze*% tikeoffe
~ilotp Assoiat6n fumes expedited research and e

vewqu0' 'e1'e o~~i•o I 0ldent distance ahead of the threshold and

1t vw~le•.to t 'Id poit w re the pilot, In monitoring an automatic

air.rch, Cas enouhto' e Rure that the automatic equipment will place him

4XI the -De o •hwfl poin forflanding and the contin•ed'high speed rollout

or so "A..e'li.tr taI 'o0er •hd 'make a missed app.oach, or take the

,e a to Wolplt the landing by manual control. Such research

I needed and "is'in'the best public Interest for sqfe air
cair operat.on. , . .

I.,, In-FPoliC Recorier Instrunwntadioo or Airplane Airworthj.W*5

irte'if~ti nteed for the airliner's flight crew being continually cognizant of the

alrphmne system reliability while in flight becomea Increasingly important as the

Ali,r tran'rit iunftse in f!tvpexity and slze. Research and development for

•Vd•'•i "i--A- bt" tecorde Instrum-i nition will enable the fight crew

to: a.~I~ke he i~ueVsafety precaudons9 to minimize the possibility of an

accident .
b. Conduct in-flight reporting to ground maintenance regarding a develop-

ing fault in the airplane's systems, etc., and thereby maintenance personnel

can take appropriate action to reduce the expensive "down time."

c. Keep an accurate log of repeated faults of the airplane's systems and,

thereby, enable justifying research and development for improved design

reliability of the airplane's components-

8. Flight and Voice Recorders for Accident Cause Determination

The deficiencies of today's flight recorders for accident analysis are well known.

Of concern is that the original flight recorder accuracy instrumentation do not

duplicate the accuracy of the instruments that are installed in the flight com-

partment. Additionally, there should be spot checking to assure that flight re-

corder accuracy is maintained. Since flight recorder use requires working with

small increments of time (seconds), it can be readily appreciated that there must

be accuracy in the recorder's original installation as well as the need for main-

taining this accuracy.
The Associatiou has long stressed that flight recorders must always be re-

covered undamaged following the accident. The Association has maintained that

flight and voice recorders for accident investigation must be capable of:

a. F•jection upon impact so that it is clear of the burning wreckage.

b. Readily located by means of a homing signal.

e. The ejected recorders should remain floating on the water surface

In addition to the previously listed requirements, the number of flight recorder

rameters for obtaining information to analyze the cause of an accident should

Increased from the present meager five, plus a voice recorder to a sufficient

number of parameters so that "the guessing" of what is happening to the airplane

is reduced to the meet practical minimum. Continued recorder accuracy is a

prime necessity.
The state of the art of flight recoaters loadvanciog rapidly. By expediting the

implementation of improved units for fleet installation of these sophisticated re-

corders, we will obtain the data to know the TRUE cause of an accident. Im-

mediate preventive measures can then be taken, and also the data thus obtained

can be studied to determine areas requiring research for prevention of similar

accidents and improving economic.
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CONMLULIOM

It Would be diffiult to place a meaningful priority of the Rt & D need we have
mentioned to which the pilots and air travelin Ptdlic are eXpOeed In scheduled
air ca~rrier operations.

We are aware that the air esaiers have placed record breaking orders for new
aircraft These orders are for aircraft that will closely resemble the design and

operation of the current beet of airliners. The present flest and eaw orders for
eetially the same type of airliner will be In service for aproximatey 2,0I •am
Unless research and development Is expedited, the same types of Mae MaideaMt
which have occurred throughout the years will continue for the next 20 year.

We should carefully examine whether or not we are implementing "break
througha" of aviation research and development areas which prevent accidents
from occurring end also examine wae" and means to achieve lvtawe prevention
of the accident type where no preventive "break through" has occurreo

There are, no doubt, many other areas which would enhance safe and economi-
cal air carrier operations such as foolproof airplane awembly methods, improved
inspection to minimize the possibility of losing an airplane due to a missing
cotter pin, etc. However, we have limited our comments here to the need for
required ,technologies to meet the demands of the next decade and beyond and

to a direct examination of the adequacy of the national research and development
efforts in the field of aeronautics.

We have provided herewith a number of items which we believe are, and will
continue w bp, of great concern to the airline pilots, air carriers, and the air
traveling public. We are hopeful that our statement will be productive to assist
in enhancing aeronautical research and development for manutacturing and op-
erating airline transports with increased efficiency and safety.
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Hwuoom OF IIUESETAIIVI,
(ObmitvwmoirScmexcom Am Awnuw'cs,

Suw'oxxvrTnmb * AvmxNWm RaiARC Aim TzaDNoLoGY,
Wathinagto D.C.

The subcommittee met, pursuant to adjournment, at 9) a~m., in room
2325, Rayburn House Office Building, Hon. Ken Hechier (chairmnan
of the suboommittes) presidmi oder

Mr. HACAItiu The c6n timi wil belin odr
We are pleaased to have thit'.morning Mr. James C. Elms, the Di-

rector of Electronics ~esearcb Cot~ter.. .
Welcome back, to" the 661*ftittee,' Mr. RhE. We appreciate the

testimony* yo .u ,velast. -year, nid' weý also appreciated our visit, to your
center. Wihop you can bt .i us i to date oun what the center is

doig, ndwhat you plan to 4o in. Ithe ed. of aeronautical research

STAT~130M 8. YAN~ C. ELU, MKEVTR, NZCTINICS ILR-
S~~ARAm IWZ AOA AXW~t&nTCS AND OPACE AD-

Mr., Exm~a Well 14r Cýhairm~an, I do welcome. the opportunity to
be here the oecondlghie, and-1 tderb he work that isbe*g carried
on at the, Eectroxdici Rese-arch(1' ifi'avinics, aw-ord which covers
electro4ýsreae aeoa*alear-ch and development.

My~e~tn:in ai attmit'a'ii~ 9'c~ntaxidte hearing on Sep-
ternbe Owl' Mi98 isus4s ei Pors iu aeronauxtics as well asi'area ! eseir eingpesix 0s o t-belp ~foir~ 1*RC that are related to both
aeronticaax

In~~~~~~~~~ the past yerw1C~a ne~i ee h effrts in these six
areas, in k~arhycase ihtx ~ve4;re*%en~ai o, thieppi

Electronic coiToiiefits And diricesLpsecisfly the application
of miicroelec'r =nices a;Vd large scalei~int~rated circuits to advanced

(Tui~nce - eAppliaino a''ncedtechnology to instru-
mentatioiAi fbf" 46fsxi Y* nd',pofiVi'olink alrertft motion and
attitude; '. - `'!
, 'Optica'arid- iirwvs-~opei propagation, communi-
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Data processing-the interaction between computers, displays
and man;

Physiological instrumentation; and
Electrical power system&.

In addition to-these siz areas of research ERC has oontinued the
specific program t&pehflMyJOQQ36 aeronautical re-
search and development, and has made several new starts in fiscal year
1969. At present, RC has 14 sudhi-pcific programs, which represent
about 30 percent (,,. vRIS+&expenditures.

These programs wAl deiN n as they"r=_-f' the NASA elec-
tronics research role, in the aremas air tric control, collision avoid-
"ance, navigational and tommunicatieons-ot!it. for aviation, and
support-nologiiaý ARl of thea sevss mre poluded iw the ZRC pro-
grain,".ub utrefeene is also made to some of the complementary pro-
gramsAn these categories at:Ames, Langley, Flight, and Lewis Ue-
search Owitem:

Now, NASA's general approach in tlb.: 6ld.of aeropaua& 'elec-
tronics research is to emrqplsm develownt o. onboard '%yms ind
componenits. A more Ofeaive onboard a" pwility j.w _l. bettr
advantage of the ground systems .sbljs.• a Id Operated.bylthe FAA.

One example will heop .. k.y this poi evril_ years 8,, an at-
tempt was made to reMuc North lt7antli traft ba wMds from
120 inales to 90, iwes Th'Jiq d not happe because pilots argued, and
argued successuflly, that t*r, aility fo navigte, waf, not sufficiently
accurate. More precise and reliable onboard n .vig.son. system wi
permit narrower lane widths in the future, which will iesult in a

.d~~ý6 -~ a t~air
tr7fc cotol rograms nave -~ie p ,ptly

as a result of discussions with the FAA, which
rid ing -Lu~tiqns, to. prOjwpn -,rqsuJl fii 4"asn
Amens.ty. nhy empiakm o .b Tiey either are'ad-
dressed. toi the uw'~ of he i otatclse or Uss of the system-
conventional jet transpor.Ts /STO.LQ,- ener1 aviation.

B9RC,,n Wntit qnyut"eial 'etan jointly *1 with
the Iiat is 4 te•o i " r••; the ieductlon of
touchdown p"st~id~ ds~sn4 i the final'aperoach
of an automatic ILS lang.The 1 is. roviý.jng a Convair 880,
4 wel as fapilie atWAZF'C 'ti ity, . supply-
ing h on rd guianc *qume± t hn at wt is imotnto
point out that the des.in of tWis figst p], system does not require

major items of new equipment.stea system will use presently
available components. TCresearch rivolves..te logic of interconnect-
ing these components so that value and precision of information is in-
creased. The benefits to the air traffic control situation from this pro-
gram are expected to be a reductioi. in mi'ed approaches through
greater landing accuracy with existing ILS performance levels.

An extension of the automatie landing program is planned to begin
next summer. This will provide high precision automatic control of
aircraft in the terminal area, in addition to the landing phase. This
will increase the acceptance rate of aircraft at airports. In this case,
precision control is an essential capability for closer sequencing of
aircraft in the terminal area and approach phases. It will also permit



auten.Aa~yaeuirolsd cumdp ii. proachw to, aid in ro-

of hspraogra is based on current- disc uasi un4erwgy with tke

~Ms ihkku.. k~as'113, M. Eeu Yo metaoodtlw. this re-

, h~ nooro dr thhpis c~ular progra. a fingg
to describe-ather pw 8~n.laW't' ~wlA" to V/STOL and aloto

Mr. Eik~ Bu ths patiolar ne ppliest to cOonventional jet

Mr. 'Ami In) thl&iajt tilamis 9rt~ program, BBC is concentrating
'Onl guidauce4 aibin n u autameaic control, provided by on-
boar~d digita eoinputer,. -Tke tompaters wif also generate displays
for wi~tn xfrntort the arw. .

Otlir ~NSA~obzters'oomnplmeut -this 1ZRC aýpproach, by placing
greeter ehphasm8 on~ crew oiutin bpSo2.6 far Am, diqI~ys aixi controls
are eonbbeiii, ERC jis, pwiCpAly) onoered about mechanizations
behind the panel; in -shost4 with how iyou get. the inf ormation to the
crew. The other centers -are -more concerned with d"play formats
and- with the, c,eww's intbractions. with -the ;system. Ames Reseaich
Center, Jet ei~xnpieji is .4q7pp~eclwfth flight, simulators. and is per-

forin~eeare to otiiiii te rlso te plotinapproach land-

The RO rogrm i V/TOL uidncena~i,*on, and flight
conroldesried n t Ikarn~slas fal s t prvie the technology
iieeed or ommoal~ V/iTOL ircaftin the terminal
areaunde r on~iiona As~ mery rfreher, Mr. Ifech-

le~r; this, is the, one, *here -awe usig emiRi equpment and tech-
niquis-A4signed. 66r the TLM lunrlandn to ge a handle. on the
V/ST.()b'guidanes pblem&! ý;11ý 1
*ML j.HudrnjL Yzeýrle going to describe w'hat the 'current status

is, aren't you?
.-Mr,.Exram, MI-wat

Tepaere.flight taeKi which was the test to -use a guidance
sy'st~mi .nly4 iso esentiaai4 j omplete., What- this, demonstrated is that
you cad tpiodubb b~tter 4emilts -by. puttinowo -*~stems: togothdr; than
by, either -oizeof -them *alori *To',6 -al little, bit 'fhrther ,into that'
biedase'of the p hysiw and -mAthernafics: involied, one syistem has a
certain type of error that occurs at a certain rat, and; aznither sys-
.tein~h~sassnthtkperbYbrr~r thaiwocuri ats diduerent~rate. By put-
ting th~erwto togitber it-*is, ktid of like liftin .9o Urself up bil your
own bo~fitL ptrs' Y4 do' ~ p% *fth a renibned 'Gystem that. is better
thiA eitheWifdividuaI'ý -a. u

IThe p hase, one -e~ijmipunit was' ued; to 7investipte -thee V/STOL
qu~iduazce. pzbledn inicwm6Aiion lwith aaigvoi~td-based 'radar. The re-
sulting 'dxth inv4dlves the ueonraqy dt the inertial guidance, syktem
versus the number o f iipda4~ea by radar from the ground, and the
abeurey-of'theladis *pin whih results.

This ~ re Vyte ha e*!rbenstalled in- a Langley Research Cen-
ter helicoptew. It wfil1cofitiatuito be~usoed by. theni as an important



rtof their reerh piomjnuVMSTOL Lhtheir cawse, bwer,
are cormcenedle wi estblt y land eauti and hindfling char-

acteristice 6f the artlneThe next phase of thsprogram, which is about to begiitoue
additional equipment to take thi nexseptowr a. guily introduces
guidance, navigation, and fligt contrbl: *yftwnu The phase two 7s-tern utilze a state-.f-theutf-digi eomputer with' icapaWility or
coupling with ILS, radatr', AfI1AL,sad- setuipowm. Jibe oran and
Decca. In other words, it will couple into whatever ground based
equipment is available in the FAA systw~.,Tb1U experimental sys-
tem will be evaluated both in the teaiMA l area'phase and &he lauffing
phase. Until now, we have been cocntaing on the landing phase
only. This new system will also be used in T the ~ inal are phase.
'In addition, the phase two Sst~em winl provide atent bed for flight
research on various sussesand conaiponents. For example, we will

be Rght estig stat v, ad ragir gyrois as a substitute for
conenioal yrs. you iwl last year I emphasized that we

had no intentin of ever recedimendiag usinq a designi as expesv
as the Gemini iner~tial sys~tem. We wiee wingit ais a test vehkcle only.
But the devices I am reerring to now awe devicts which, if proven
feasible, would lower the costof 'an eqwivalent system.

Mr. Hzcnumu. How expesv is that laser gyro?
Mr. ELms. I am afradmtha I coild- only give a meaningless an-

swer. It is in the reseach phamse now. You ~willi hear optimists talking
in terms of a few hundred dollars, but, it will be a long time before
you can make them reliable and inexpensive. They are still very much
in the development phase.

Another device that we are looking at at ERC along this line is an
air speed sensor that oprates at extremely low speeds. This has been
one of the problems.=We you slow daiwn enough in a VTOL air-
craft, the conventional air speed indirator, of course, is valueless.
When you are tryingto measure 2 or 3 Iniles an hour air speed, you
need a new device,. We have a prototype sensor that has been wind-
tunnel tested, and so far it looks pretty good. It has a threshold of
only three-tenths of a foot per second.

Turning to collision avoidance,-the FAA air traffic control system
provides separation between aireraft. However, whien visual flight
conditions exist, some aircraft an not under positive control. Rules
for VFR fight awe designed to minimize the risk of collision. However,
it is recognised, and hai been pointed out7 that there are circumstances

weeaditional aid in the form of airborne equipment would be
highly desirable.

At last year's hearings I described the, ERC program to develop
a piot warning indica~tor device. This'systeen wi alert the pilot
an, direct his satetion to nearby aircraft. The operation of =the pilot
warning indicator is in principle very simple. Every aircraft wudbe

required to carry a high-intensity xenon light. This light emits, as we
know, a highly visible fash which is reafdily observabe by the pilot of
another aircraft once his attetition is drawnr to it. These lights simnul-
taneously emit maninvisible pulse of infrared radiation which can be
detecfbd by a sensitive silicon detector mounted in the other aircraft.
The idea has been endorsed by the FAA/COPAG coitunittee who be-
lieve it can be of grat, importance, in rtduciii* near-maiss situations
and the possibility of in-flighit collisions in VFR weather.
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SSimulatorstndies have been made at ERC which show that the most
impou n t zone thas should be by such a system is that por-
tio an ofthe iorwaud hemiphm withi 7 plus or minus 10 degrees of
the horizon. Using one silicon detector for a solid angle of 20 degrees,

would require nine deteetors in total. Approximate cost estimates
indicate that this type of detection unit, iicluding a display would
cost in the range of five hundred to a tiousnd dollars in .proction,
thereb Placing it within reasonable range for eer aviation.

has ] l oisductt a competitIon and awarded a contract for the
development of a Glight test detector based on these COPAG specifi-
cations. The first unit will be delivered tdi month. After a series of
laboratory tests, the unt will be fight tested to provide experimental
panloamance data. The flight tests will be made during the spring
of 1970 at Wallops Station, Va, where precision tracking radar and
datAareduction facilities are available, and where we did our work on
the V/STOL guidance systeni

Mr. Gowwiua. How will this be displayed in the cockpit? What
wilt it doI

Mr. Ei.L. I want to answer that as thoroughly as I can. At the
mVment this is a ressarch program, and the main thing we want to
fiad out in this first phase of the p Tgram i does the thing work?
There are several ideas on how to display it. The particular one which
will be in the first flight test is a combination of an aural alarm that
goes blap and tells you to look, and nine lights. If the light in the
center comes on, it means to look out in a 20° cone straight ahead
of you; in other words plus or m-inus 100 up and down, and plus or
minus 10° sideways. If the second light to the right comes on, it says to
look a*t to the right 20* and look plus or minus 100 sideways from
thrs and plus or finus 100 up and dmwn.

Vow, it is important to say that this is a research program. This is
not a flyoff of a single design for pilot evaluation. It is simply one way
of iden it. If we discover that it would be better to have two rows of
lights and cover more altitude, then we would make a modification
later on in the flight tustqwugram.

Mr. GoLvwAIm. But it would indicate the quarters.
Mr. Eraxs. Yes It would say, "look here or look there." I will come

back and talk a little bit more about it.
- Mr.H.acmm= Mr. Elms, could you identify what COPAG is?

Mr. ELas I have a little trouble with that myself. But I did ask. It
stands for Collision Prevention Advisory Group. It consists of people
from ALPA, industry, AOPA, FAA. It is an ad hoc goop.o mit
ask Bill Harper who is present. Does it have an official designation,
beyond that I

Mr. HAUF. I believe it was officially organized by the FAA about
10 yets ama d

Mr. Ews. At any rate, it is a place where people from the various"intereste_ o gi•,taod have_.an oppo u•..t to go9 and discuss the qub-

jectst; kas.e'donrt get direeion from tu but we feel that their
-opiniom an well = listening to. For example, the specification
thyCame up Wi is th this device ought to work at least 3 miles in
hazes tad swoh

Mr. GOLDwATU. This system was born out of the space effort, as I
have heard, and it has only been under development for over a year
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48iuboini.Wh'2 this igslmt~*e. resylty
Be~dwhwbsn &ot of tsab=SAtL,1

1Mv4'uaksau Right. LAt'me Paus n swafw~t tst,. Ahonoughlya

1,w I the firt plaos, the Jic: idea thatas scm lamp-baa then. ~Wvot
Unsel'Wnfr&U4anths of a -micton or 49, ja addition to tka visibl', dia*
and the f*t that yoTi ca do"e it witasilicon detector ouanenp in the
lab over usyear'as e.-

To, reduce- Wh4 idest. 9i~htiworthy hudwarb has toned out to bake
abu &O*X~,Ia Is-rn to tall yon tAt I am as impstW*

As a : wa#AnO of fmctý. veq- rebftthy-.-4I csrta~ny ,dowlt .went to. tamn
'thin ;into'sowediing dramadmicly wrong biit beftuseof the'ic~ean
intereabthat hen been .xpressd fro ioVtuideuzi ther
est. wefhave *nkr&Alve-we, have: W=ke sorm "oni~ -in'the las2 r 3
months to move this act'iti out of the generalero tncpes
wlnhi shodd 1 be man' a a ~ d'a~eitabtished. *s dif.ro.
gram. office. We put a program manager in charge of it, *iwee
itter~sts, are Ims in reseaurch and more -in tifet's get fying." -

I1 feel like the Mian whkit itold ito -omeback, with his: shipW w or on
it., If I sit here next year sAmteslyou that we hsve notAflxwnit yetI'U

3fr.o~mz..Do Iyou, have' any predictibiir:wheu this- would* be
available-" g~feftel avistiont .* .-- ' '

Mr. ErieA I will answer Ohat, but before 1 do, let. me tUll you what
I think; isteven mdcre exciting. Wileý weý have6 been -proceeding from
the research are to get somnehardiware, to ted. out this basic id
some of u&,ia-nd I am oiieif th xm'-a''-eOViOSMasing=
with the following question. whkh! I wuldkid. of like -to Ahareit
you I~ a p1l9t. su posuig we -lot hetdtiig~warku justr ias Idosebed.
t.tels jioy to,.M. eýn hr md laoh e!agami BIipPeO
yurey fing~o ubkt Long 3ahwbi n4rtm yo

deacribed-he other. dry.ý -How. many titues would the alarm go off Ut -
is possible that you might say, weW.4 ths-0s is. gve"t.devitjeo but cau'?t
those people at BBQI ýaot. it, u bittJe bib, od tofll ineowhic, eies

Teeare precise scientific waya olf dteaminingvbet~hei t*o timnge
will run so teach vtherj im4,i~ you have a radar fit, a.1 velatively eax-

l110i0a 14 bam*oncntragd to! thik kh~t Vv#W^~Iy oitiWt tooý tzuob el-

emue,~ ~ ~ ~ ~ ~ ~ ~~~~h 1,bl toadd been evmet ap~lt t l~r u

woriedabot i tht w miht et histhig wrkig, Aud then ýg

SR~n, anfh jAjW~ lt te have a- 13ituioni where 'we
lia ~ ~ .th ~a ibte jgywr out, bot sbillht a eprb

lem. One grop oj.Peopie mgigh say this Is fia. Someneimela might ay
it isn't worth $1,000 to require me to have this syoteni, bemause it



It

340

I amgiWW .4, lo.A~ poswer to. your- qqW~to1L What I am really
m~t.~g~ ~ fight ta underwynyu nexit ew, ou~st)s

s mi-e, man trod tis next phaR as
early as possible.

ItssoneW. can't uitet you. issyIw"e It write Y a letter in a
monthOr Soad 1ve you the answer to that. ButI thin k we want to get
into the sec-r4 pW o tlhe thing'as 901 an .3qible,

Now,, how long ýwo d, Wbe untol it is ava•ab•e to general aviation?
Thisw your oinag l question. I wanted to i1ve you afl this back-
ground first., It is always several years to get from feasibility to

u117t wli*e Th at it, I might emphasize what I said at the start. Our
role is noO develop a spkeifc syitam. Our roho is not to become in-
volye�~i regultions, in other words in the YAA's business. Our role
i dto: m r&tM feaaibility'. So in a way, I could duck the question

ayh•i~dbnAt kne'w, b.bus, it is not my business. But what you
W.tf0ý ,ig *when is it possible for you to look at it in an experi-
meiital way "iid say, this is a kood system, I'd say within a couple of
ears. o .
SMr. ( *iii. .1is'idu fty working alpng with you on this?

'h' 'h'.e•i are. As. a matter of facti, after we let this
C611eii 7c1nýct tw 46~hr com~panies decided'to build similaregip•tit, .e tleir own' eurces.'Ohe of them w' be delivered

t e sae imeperiodLwihtsimuItiun 'u ~inthdsme time p with the one whose develop-

I have talked tý the" hi~f e4e6utives iof these companies. They
real'•is& o* iinpo iant this thing is. I think the same thing happened

IiA h•qese c6n••tt I th;a, hap. ened to us. Namely, instead of thisbeing a •re idesi they pran th; accelerate it and see how fast
they can go..

Mfr. i]fcm. . W e wt are on this' subject-and it is a fascinating
onh-i4what ari the relative exnse 'factors involved here of the xenon
light a nidt e sili 4ete* r V ' " .

Mr. EI•s. 'I xehOhn light costs in the order of $100 each, at themmointn. th: . i• .. .
Mr. nWefti, -thiE committee 'tanlt overemphasize the im-

j •i*•. ~f. o ki,• e ud u, fo4ir your efforts. And I just

'To e 8rkEvqng *v*th you oný this developet
We a -A It Om yow, have heard

a ltt. ao 'ttee that is *sthdyxg What we a&e supposed to doSinL the fri tre. W haiia lit]le icmitt•e yu m~ y not have heard of,

•t'hve 5 c i f 6pl .6i it A clul ng'Bob Wedan, and the

W.) ',S . td' This' irit J 'ns RC. It is'a committee involving

thie Cu4rilt activities of FAA and NASA. In fact, they're meeting
thij aft - L *o ,., ",: L "

I sis eztlt .o n'•e that Of the six 5tems thet they are discussing,
.tway u• nswer to your ques-

tri~t~ht lt Is ?AAken. 'uibrkitime bins w'ir the xki~k thea sglchi•sih t••heT V/STOL
88-681--O-----8



'end the bli~1andn system I described for conventional air-
ip torthI thi that FAA, partioipatiou wvill'be much

~wb~en'we ~tut thepit, that I was describing to Mr. Gold-
'~ter; 4r rie -~eeis something to fly.

,~~*.Wel~It ~ tak fo a omet aoutanother progrmm
at ECratdtcolioaviac.Tiisaeltrom;echanical

up a yi~ d ~ l ao. hs d vc o between the
Prod where the ro ann naignment with

h~hpzon airca~tpitces nd rlls is an artificial
horizon only it is a rdup there, in front of your eyes, between

ou n 1 thewindshied Consequently, it serves to move the plot's
fras tl~e cockpitt the outside scene, where he can then be more
'W" q6o 1islon hasrds.
POA iOcPQ Advantage of this device over the more conventional

6$lcticprojoction schemes is the very much lower cost. The first thi~
one'thlil obout is prjecting an artifficial horizon on the wi
screen buit it is astoundlig how much it costs to do something that
sounds that easy.

Our devico is controlled by the aircraft's vertical gyro through a
simple servocontrol system. it is a very simple device, and this is muei!: we moved fast on, because it didn't require anythin g more than

u t* putn;ome thing together in our own machinie shop. A varisty
ofpSots, 'hav'e said they prefer this type of indicator because instead

of Looin at an artificial horizon, you look at sometiiig in the cock-
pit ahea of yo hich inL fact, simulatee the horizon.

In casm of prtial VFR, in haze and smoke, you are looking at
terod moving around. When the smoke goes awaty, you see the rod

oniig wit the horizon. So it is a.sim-ple gadget, and it can be
inexpensive.

As far as when this could be available to general aviation, it is
available now. It is just a matter of generatingsm interest. Some
manufacturers are looking into it. Agjýit is not our business to
push it any further. We have demonstrate that it works.

Now for a different subject. NASA's research in the use of satel-
lites for naviigation and a4ir trm& icoontrol and surveillance, was bridy
mentioned last year. A proga .s ervolving. Two NASA centers ane
inii~olved, the Goddard Spac% lih Center and !IRC. Goddard haa
the prunary developmet reposbility, becosu of their vast ax-
porience of course in sate"lle. u involveen is based on our earlier
work in sytm anaysis of such, a device, which I described last
year, inv vg studies of orbits, rnngmeasuremenit, for positions
and methods of modulating for vican data communicaitions. At
this point at BRC, we are sihifting emphasis from definition studies
t6 deWvelopment of instru mentation. Thesm require laboratory and AddI
teestig for prformansen metasraements. Oedevelopment that hasreahe th brdwrestge-the exeietal flight test hardware

an Lbandreceiver. The L-and, sometimes called UHF,is-A serous candidate for the operatin~g frequency range of the system.
I will interject that thiereason for this is t ~the bonds that weame

u~~~~ing-an Io ar ýt s lutrd you have to thi" about going
sne"ler e AM TnieLb di noen ama, However the
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tion requires further tests And in these tests, we must examine back-
ground noise, multipath m surements, and ranging accuracy.

We had hoped to obtain these data with the aid of an FAA aircraft,
working with the ATS-E satellite. The ATS-E satellite failed to
stabilize after its launch last August. ERC has generated a substitute
program using high altitude aircraft to simulate the spacecraft. This
program will provide us with a limited amount of data to work with
until the ATS-F is launched.

There are other NASA avionics programs, and I will discuss them
briefly. These include fly-by-wire systems-which, incidentally, I
know Mr. Kirschner discussed as an important aspect of V/STOL-
detection of clear air turbulence, and the application of biotechnology
to aeronautics.

If we look at the control systems of large aircraft, like the jumbo
jets and the SST, the advantages of fly-by.wire systems to replace
mechanical control systems become apparent. The mechanical control
systems are exceedingly heavy devices. In a fly-by-wire system, elec-
trical sensors are attached to the pilot controls. rhey are connected
electronically to the aircraft, control surface actuator. Pilot-induced
motions of the control wheel therefore cause the control surfaces to
move without any direct mechanical connections. As I said, mechanical
systems characteristically are heavy and have high friction forces for
a larger aircraft.

The potential advantages of substituting electrical or fly-by-wire
systems for the mechanical designs are clear. H-lowever, concern regard-
ing their reliability is limiting their use. Therefore ERC is concen-
trating on design techniques to achieve highly reliable fly-by-wire
systems. The reability goal should be as high as that of the primary

structure of the aircraft.
I might add, after we achieve this objective, we are going to have a

hard time convincing people, because people just don'tlike the idea of
not being connecteX mechanicaly to the control surfaces that are
moved. So first we have to be sutaciently sure that we're right, and
then we are going to have a problem convincing people. At least some-
one isgoing to have a problem.

Well, anyway, how do we do this? We consider the prime power
generation and distribution, power interruptions for any reason, in-
cluding such things as lightning strikes, which were brought to our
attention recently, multiplexing techniques, redundancy in sensing,
signal transmission and actuation, and ground checkout.

As I mentioned much earlier, we at ERC are working on navigation
for commercial airliners in the terminal area. In addition to this,
Langley Research Center is investigating several terminal area radio
navigation techniques for general aviation, with the intent of apply-
ingtechniques developed in the space program wherever possible.

Now a very different subject that has become very important in the
last year is the consideration of the expense of flight testing in order
to prove the feasibility of the ideas we are generating. Before flying
anything, one should go through a period of analysis and laboratory
tests. You might as well find as many problems as possible on the
ground, because it is so much more expensive to perform flight tests.
We are discovering that a very important part of this ground testing
requires simulating the environment of the flight system by the use

I
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of laboratory computers. This step can be compared to the use of wind
tunnels for evaluating aircraft performance.

We now know how important wind tunnels are. I imagine some
people back in 1916 wondered why we spent all that money for wind
tunnels. Why didn't you just go up and fly it and see how it works?
We are in that phase now. Some people say, are you very sure you
want a big simulator to simulate the air traffic control system; in other
words to simulate the avionics environment? Are you really sure you
want to do that?

And I have a feeling-I am going to be a prophet here-I have a
feeling that this is somewhat like saying, in the old days, "Well, why
bother testing this little model iii a wind tunnel? Why don't you just
go up and fly a real airplane and see how it performs?"

I think there is a lot of money to be saved by looking at avionics as
such an important function that you can put it in a simulated environ-
ment and test it on the ground, instead of saying that avionics are little
black boxes that you buy at the store and install them in an airplane--
which is, of course, the way we did it years ago.

Another field of interest to practically everybody is clear air turbu-
lence. There is a national clear air turbulence committee, with partici-
pation by many groups.

I will mention the clear air turbulence activity of my fellow center
first. Langley Research Center is conducting experiments using laser
technology to detect clear air turbulence. It is a fascinating thought,
but it is not quite ready for flight test. As you know, this involves
using a laser like a radar set. You bounce the laser beam off something,
and then measure the echo. The ground tests are very interesting, and
I am sure they will get into flight testing ultimately with this device.

We at ERC have a more conventional device which measures atmos-
pheric temperature. This is a radiometer. A radiometer is half a radar
set. It is the part of the radar set that receives. We have developed
radiometers for many, many years, and for many uses, but this is sort
of a new way to use a radiometer-to look forward as far as a hundred
and twenty miles, measure temperature differences, and then try to
correlate these temperature differences with clear air turbulence.Two
of these radiometers have been built at ERC. We have subjected them
to environmental tests They are ready to fly. There is an RB-57-B
which will be available at the Flight Research Center early in 1970,
perhaps as early as January, which will be used to flight test this
device.

One of the basic unknowns that must be resolved is the relationship
between the quantity measured and the existence of clear air turbu-
lence. As I said, the ERC radiometers will measure temperature fluc-
tuation- But the question remains, just how good is the correlation
between temperature fluctuations and turbulence ? We think it is good,
but we haven't measured it. Flight tests with the ERC system will
provide data on this question for millimeter wave lengths. The Langley
tests will do the same for the visible spectrum.

I think I should add here, before someone asks me, who else is work-
ing on this problem. There is quite a lot of activity. The Boeing people
have been pursuing a program using conventional radar. The Canadian
Government has also been sponsoring tests using radar. There is a
system developed by one of the aerospace companies on the west coast
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which funetions somewhat like ours, except it uses infrared, whereas
.we wre in the'microwave frequencies.

Now for a few words about physiological monitoring. Aeronautics,
and high-speed flight in particular, ofteii result in high-stress levels.
Because of this, interest exists for monitoring pilot, crew and ground
controller performance, and the so-called man-machine interface dur-
ing occasions of stress. Such monitoring should furthermore be non-
encumbering, noninvasive, atratunatic, and it should also measure
mental alertness,

When I say atratunatic, I mean nontroublesome sensors. One of
the things that I am sure you. have heard enough about is that. it is
difficult, to do your job with too many things attached or implanted.
These attached devices do affect your stress levels. So it is extremely
important to work in this area of atraumatic or nonconnected devices.
Last year our statement described the remote oculomneter being devel-
oped -by ERC. This is an electro-optical instrument which measures
eye-pointing direction, pupil position, pupil diameter and blink occur-
rence. The feasibility oi the remote oculometer has now been success-
fully demonstrated. The indications are that this instrument can
contribute to flight safety, to more efficient cockpit layout, to phycho-
logical performance monitorilg, and as a training device or simulator.

The FAA has, for examiple, ordered a head-mounted oculometer to
determine where pilots are looking outside of the aircraft. The Depart-
ment of Defense is also interested in using the oculometer 'r real-time
target designathions. We are presently working in connu-, on with the
Langley Research Center toward applying the oculometer to airctaft
simulators and to aircraft man-machine interface studies.SAn interjection here, in the past, when you put a pilot in a cockpit
simulator, he writes a report later. He might say, for instance, "I
found the thing kind of busy, and I had to look around a lot." This
is a subjective type of evaluation. . I

With the oculometer we 'have an objective report on how. much he
looks around, and where lie was looking. If his eyes are frequently
going from here to here and back again, you get a clue that maybe
those two instruments ought to be a little closer together.
SOne more subject. A NASA intercenter program of research in the

high-speed flight regime is based on 'the recent acquisition of the
YF-12, We will use the FY-12 to investigate problems of flight path
management considering the interactions of the pilot., flight control
system, displays, and the ATC. Examples include altitude hold under
maximumn performance conditions, procedural techniques for climbout,
cruise, and descent to optimize performance. These are important,
among other things, because of the SST development.

In addition we will use the YF-12 to conduct research on bleabroni
components and subsystems of the satellite-based navigation and traffic
control system, which I told you about earlier. Specific tests will include
environmental effects on L-band antennas and receivers, assessment
of position determination capability of the satellite navigation system,
and another handle on the multipath problem, which we had hoped
to get at by now.

The electronics research program indicated here represents only a
portion of the total planned YF-12 program. Other centers are in-
volved in investigations or tests on structures and flight loads, aero-
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elastic effects on stability and control, aircraft dynamic and aero-
dynamic characteristics, engine-inlet research, handling qualities,
et cetera.

I have attempted to describe some of the ways NASA provides elec-
tronics support to aviation by detailing work at ERC and at other
NASA centers. Much of this work is a direct outgrowth of NASA's
long-established aircraft vehicle research program.

Other research more closely supports the operation of an aircraft
in an ATC environment, or ATC-related research. I have also at-
tempted to describe, by example, our increasingly productive relation-
ships with the FAA in these latter ar is.

We are convinced that the research needs of the aviation industry
can only be met by an overall research approach to both aircraft prob-
lems and to the systems problems inherent in operating the aircraft
in a real world environment.

Mr. HFEfCzH. We appreciate very much this description of ERC's
activities and contributions. In addition to the things you have high-
lighted, you have contributed to our vocabulary, also.

Mr. Helstoski.
Mr. HmsTosxK. No questions.
Mr. HzcHmm. Mr. Goldwator.
Mr. GOLDWATEm. I was interested in this.
You were talking about this fly-by-wire concept.
Mr. ELMs. Yes, sir.
Mr. GOLDWATm. This is, I take it, an entirely electrical system?
Mr. ErMs. Yes, sir. Let me say two things about it. Our early

astronauts, all of whom are friends of mine, I think would allow me to
say that they not only were pilots, but they were pilots* pilots. And
when they started the space program, they came equipped with the
background of pilots: and the firm opinion of pilots; and I am sure
that not a one of them liked the idea of fly-by-wire when they first
heard about it; and now I think they all like it. We had a fly-by-wire
system for sure in all its glory in the Gemini program, and we of course
have it in the Apollo program.

We can consider saving weight in the supersonic transports where it
is extremely important in terms of the pounds per dollar, and how
many people you can take to Europe and so forth. But-and this gets
to a point that I have made when I talked to the bankers association-
some say. why on earth do you spend all this money in space? Thisis an example of the benefit t~hat results from the fact that in space you

have an absolute requirement to do somethin_ despite certain limita-
tions. We didn't have boosters big enough to lift a spacecraft big
enough to carry heavy control systems, so we were forced to look harder

at'someif the things e tehnically feasible, but require a great
deal of effort. So when we talk about fly-lw-wire, we are talking abouts•mnething that has happened. It has. h~appened in space. This is the
first time I've thought of it, since you've asked me the question, butthi s a space application. We usually think of applying things like the
Gemini guidance ftystem.

The astronauts lives certainly depended on that fly-by-wire system,
just as will be the case in an airplane. We were faced with this require-
ment; we were forced into it, and We did a good job. We never had any
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trouble with it and therefore we are confident that something can be
done to apply what we learned to aircraft.

The bidc system, Mr. Goldwater, involves the technique of con-
necting the pilot's controls to the control surfaces by electrical means.
There is another aspect to the problem-"stability augmentation." As
you go from little simple airplanes to big ones like the supersonic
transport, you get yourself into a situation where you can make a more
efficient airplane, providing you are willing to put up with some
"instability."

I am not'an aerodynamicist, and I am not going to get in the busi-
ness, but if you decrease the stability of an airplane, you can get some
gains in performance. Now, if you already have a fly-by-wire system
working, we electronics people would love to put a little black box
between this input and that output to make up for this instability at a
great saving in weight.

What I am trying to say is stability augmentation, which can cut a
tremendous amount of weight out of an airplane, and fly-by-wire are
first cousins. In fact, they're the kind of first cousins that ought to get
married.

Mr. GOLDWATER. I have seen the hydraulic mechanisms for, say, an
F4, and the are quite sizable and weigh a great deal. Is this supposedto replace MhsI

Mr. ELxs I am not exactly familiar with that thing, but I think the
quick answer would be no. You have finally got to have the muscle, in
other words, the actuator.

Mr. GOLDWATER. I see.
Mr. Elxs. It is how do you get from one end to the other.
Mr. GOLDWAT. The control goes back to the tail surface.
Mr. ELMS. On the other hand, that was a very quick answer. I know

of another experimental system, where hydraulic actuators are used
to actually provide some of the redundancy required for safety. In
those cases you definitely can improve the situation with electronics.

Mr. GOLDWATmE. What you are talking about is going from the
tontrols where your hands are, to the tail, by electronics?

*Mr. Rims. 'Yes.
Mr. GOLDWATER. Instead of wire.
Mr. Ei~is. Yes. What you have now is a cable that goes back and

opens a valve and lets hydraulic fluid in. If that is all there were to it,
just a cable from here to here, then you are not saving very much.

When you start putting in the redundant systems for the things that
happ n, the wa you get around a failure of a hydraulic cylinder and
so bl h, you Wen staxt seeing an addition of weight, which coud be
"helped by the fly-by-wire system. If you look at a big system, you
will find some hydraulic actuators doing what you think they ought
to be doing. Then you wirl find some others, and you have to puzzle out
what they are doing. Well, they are there to operate in the event that
another one fails, in a certaii way. And when you come to this redun-
aancy in safety features-, that is where I believe ultimately we will be
able to save weight.

r.GoLwwAT'SR. I certainin eoyed your testinmony., What you are
doing is certainly very eZitn Yiq talk aboi~i things of the future
that people can understaiid. I enjoyed it.

Mr. ELMS. Thank you very much.
Mr. HEcHLnm Mr. Wydler.
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Mr. Wr.y . Mr. Elms, we have been i. teresed in the 9uestion of
steep descentft r intoairfels, maiily'from the point Of view
of, b a noise abatement p rc , and: it Seems to me it Was some-thi g. hat • very7 doetoK wlh the state of the art, right

I hiaveintol the last few years, and even received a letter today
'which I tc 210u1dn f•.! undefstand, indicating that there were some
'technical'problems hi this regard that still needed solution before it
could be done.

Is the Electronics Research Center charged with the development
of any equipment with procedures in regard to the steep descent land-
'ing piob em it the present timeI

Vr. Eims. We do not have a, specific assignment on steep descent.
However in the•prgrams which I have been describing that started
with tte V/STL program, the V/STOL guidance and-landing pro-gram, the conventional jet landing program, and so forth-we are get-
ting at'the very biasics of how do you provide a'pilot with information
so he can fly an Unusual path-steep descent is one form of unusualpath.

Mr. Wy•Lxit. Excuse me, But why would you describe it as unusual ?
Because'is not this bei done now ?

Mr. ELmS' That's right. Just like V/STOL is unusual, compared
with an ordinary aircraft. Put althoujgh we started with the V/STOL,
We then got ourselves 'into a conventional approach and landing pro-
'cram, and then into unconventional approaches such as leading people
into the airport in a curved path.

So I guess the answer to your question is 'the work that we are
doing, as far as guidance and navigation along a Specific' path to a
specific point can be used as basic aata input into the steep descent
problem.

Mr. WDuat, But that doesn't seem to me, as a nontechnician, to
bb really the problems that they are worried abOut.

They talk more about the problems being one of the pilot being
able to get his' aircraft out of the descent path at any point, and they
want lift controls and improvements and so on and so forth. But I
don't understand all the jargon. But that seems to be the question that
is raised. They seep to have passed by these other questions.i.
- Mr. ELMs. Let me make a couple of statements here.'The first thing
I want to tell you is Iaih not an'expert in this area.

Mr. Wyuim. 'Yam just interested now in what you may'be charged
with doing on these problems.

Mr. ELMS. Well, we are charged with working on the general prob-
lenm of providing guidance and navigation for shy kind of flight path.

Now, I am not an expert in what the limiting factors are in the steep
descent, whether the limiting factors are people problems, or getting
people to get used to it; whether there are problems of reliability; or
whether they are problems that I don't understand. I am not sure.

You know, I have been reading what has gone on here, and I read
some of the earlier questions you asked, Mr. Wydler. Maybe I can leave
it like this: When I read some of your earlier questions, I 'said to my-
self when I have, some time I am going to findi out more about thi.
So that is the best i can say. I am not an expert in it.
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Mr. Wyma But you can assure me that. the limitof what you have
been charged to do is along the lines of what you test.i hers.

Mr. Eixs. It includes. work which could be appliU to that areg, as
far as I know. And I am a layman in the area. I am going to look into
it.

Mr. WYDUm. Mr. Ghaimpap, would you give me permission to just
digress for about 2 minutes with Mr. Elms? I would just like to get
a little bit of an idea where they are at ERC in construction.

Mr. HrcHLEL. Providing you don't ask him where the New York
airport ought to be located.

Mr. WDLm. No, I won't ask him that.
Would you please tell me how you are doing up at ERC with your

construction progress?
Mr. ELms. Yes. It is more fun every year. Two years ago we had to

say why we hadn't done anything yet; last year we said we were going
to do something; and this year we can fortunately say we have done it.

We are moving into the center. We have, as you know, over $26 mil-
lion worth of buildings-the 14-story central laboratory building, the
auditorium, the guidance laboratory-which is a unique facility-and
the optics laboratory. People are beginning to move in. We will be in
and working by around March.

Mr. WYDLm. Thank you.
Thank you, Mr. Chairman.
Mr. HECiLER. Thank you, Mr. Wydler.
One final question in addition to what you discussed about fly-by-

wire. What are you doing in the area of developing power systems?
And is there a possibility of a breakthrough in this area'?

MT. ELMS. Mr. Hechler, by "power systems," you mean electric power
systems?

Mr. HE4,HLER. Yes.
Mr. ELMS. We are involved-and other centers are, also-in taking

a new look at electrical power.
We traditionally have had low-voltage direct-current systems and

400-cycle alternating-current systems. We are looking at the use of
higher frequency alternating cur -. nt and higher voltage direct current
and the kind of distribution and utilization equipment that can handle
it It is now in the research stage. The research experts are tremendously
enthusiastic about the saving in weight and the increased reliability
that you can get by using advanced electrical systems. It is very excit-
ing, but there is a lot of work to do before people are going to change
to a radically different electrical system. There is great promise, but
it is still in the research stage.

You know, we talked last year about the difficulties in directing
research. If you get too enthusiastic, and say we're going to do some-
thing a year from now, you may push an idea into development too
fast. But if you are too relaxed, it may never happen.

As we discussed last year the problem is how to keep in the middle.
I hope we are doing so in this electrical area.

Mr. Hic=xuz. Well, thank you very much, Mr. Elms. You have
been very helpful this morning.

Mr. ELmS. Thank you.
Mr. Hzcmxu. I am pleased to' welcome to the committee Dr. John

S. Foster, Jr., the Director of Defense Research and Engineering.
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Dr. Foster, it is a pleasure to have you before the committee, and if
you have a pre0ared statement, you may proceed.

Dr. Fosrru Thank you very much, Mr. Chairmwn.

0TA4 OP D& ZOR s. &FOR M., DREC R OF DEMNSE
REICAMC AND 11GJNUZPIN

Mr. Chairman and members of the subcommittee, it is a pleasure to
appear today before this distinguished subcommittee to talk about
aeronautical research and development. This is a most important series
of hearings for the problems and opportunities of aeronautical re-
search and development are national in scope, they are both public and
private, they relate both to war and to peace, and they are shared by
three major parts of the Federal Government.

It is essential that aeronautical research and development be a na-
tionally coordinated program and that this subcommittee continue to
provide overall national insight and leadership. We who have respon-
sibility for this work in the Department of Defense want to take every
opportunity to coordinate it with this subcommittee.

will start with a broad overview of the status of aeronautics today
in the Defense Department. include the lessons from the war in Soutlh-
east Asia, describe some of our near-term research and development,
and, finally, make some specific proposals for the future. Dr. Seamans
will present a detailed description of Air Force programs, policies,
and needs.

You will note from our two presentations that the importance of
aircraft and aeronautical research and development is not diminish-
ing. On the contrary, the services are depending more and more on
aircraft to help meet the many and varied defense responsibilities
assigned to them.

The harsh war in Southeast Asia has provided an object lesson in
the continuing need for a broad and advanced aeronautics program.
Aviation has assumed an unprecedented share of the logistics burden.
Xew basic mobility has been provided through the air. Close air
support has risen to a new level of effectiveness.

The foot soldier and marine are still our ultimate weapons, but they
cannot reach the conflict and cannot be sustained and protected
through the fight without aircraft. Historians may well conclude that
the tide of defeat was turned in 1965 by the timely arrival in South-
east Asia of American airlift, tactical air, and new technology.

The importance of aviation in the defense of our country's interests
will continue to grow. We entered the war in Southeast Asia basically
well prepared for air operations. The aircraft were there when they
were needed. Technology had done its job. A generation of toilers in
aviation research and development had done well in the Department
of Defense, in the services, in the National Aeronautics and Space
Administration, in the Congress, and in industry.

Prewar research and development paid off most conspicuously in
air mobility for ground soldiers. Practical visionaries in the Marine
Corps and Army had completed the tedious research and development
work which resulted in air-mobile units for the Army and vertical
envelopment in the Marine Corps. The helicopter and new techniques
for its use changed the nature of ground warfare.
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Close-support weapons and doctrine had also made great strides.
The new A-4, the older A-I's and B-52* aid even the old C-47 armed
with the most 'advanced techn6logy demonstrated the soundness of
nutional aeronautical research and development.

'This war like others, posed some new problems which needed new
sblu0oi4. For instance we solved some -of the problems of finding
'targetsat night, in bQA weather, and in jungle ireas-b-ut available
tecnology in this area proved to be insufficient.

We must do more. We need to improve the'accuracy of air-delivered,
high-explosive ordnance. The defense community was too slow in
changing its thinking from delivery accuracies sufficient for nuclear
war to the accuracies required for conventional war.

The experience of this war has taught us again to value highly the
survivability of aircraft. We need tougher aircraft; we need greater
maneuverability against surface-to-air missiles, against enemy air-
craft, and against conventional ground defenses. We still need guns
on aircraft-and better guns.

We are applying the lessons of the war to new development pro-
grams. The comfing aircraft will be tougher, more maneuverable, and
better armed. They include:

9 The F-14, an advanced carrier-based fleet air defense fighter,
which entered the development phase in February of thisyear.

* The F-15, a land-based Air Force air superiority fighter with
special emphasis on maneuverability, for which completisia of source
selection is scheduled by the end of this year.

* The S-3A, a carrier-based antisubmarine warfare aircraft of ad-
vanced desin, this year.

* The AX, a less expensive, large payload, close support aircraft
for the Air Force.

* The B-1 a long-range nuclear-war bomber, which is being
"designed also for conventional war.

e AnA kWACS, an airborne warning and control aircraft.
We ro exploring other needed types of aircraft:
e HLH, a heavy-lift helicopter which would substantially lessen

our need for a foreign base structure in Pny future conflict.
e LIT, a light intratheater transport to take over from the 0-123

and C-7 which have served so well in Southeast Asia.
e And V/STOL, an important concept which will require extensive

research and development but which could pay off handsomely in
defense. Our joint operational experience with this type of aircraft
will be obtained from the 12 Harriers that the Marines are acquiring
from the United Kingdom.

These and other necessary research and development programs can
be successful only to the extent that they are able to build on a broad
and solid technological base. This base has been adequate in the past
to meet most of our military aviation needs, but we should all be con-
cerned •o•t the future. We have used up much of the base that was
built in the post-World War UI years, and we must turn to the job
of building it again.

It is a national effort that is required. The Department of Defense
can be a special- $ed cbntributhr, but it should not be responsible for
establishingthe Nation's techhology base. In the Federal Government,
development of the aviation technology base is the prim "v ,,isponsi-
bility of the National Aeronautics and Space Adminiis
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-Mr. HUzwzia Dr. Footer jst a minute. Off the record-
(Disou of the w i , :,

'Mr. 13.wiL 09 the 'record a . You may continue.
"Dr. FoSrna. ClertaWWlV, air.
As has-been made clear by_ the'testimony of Dr. Paine and 'his

-colea d, this series o e the hJASA leaders welcome
this resporsibihity and are increa sig their eftorts to fulfil it. we in
Defense and those in industry must do more also.

It will p~t be easy to re uild our technology base in aeronautics.
"There are two complicating factors. One, of course, is the war, which
'has led us to consume the technology base at an abnormally high rate.
The other and more serious complication lies in recent history. It
started with the challenge of sputnik to this country's civilian and
military technology. Sputnik swed that the Soviet Union, behind
a veilrof secrecy, rad taken sueh a leap forward in space and booster
technology that it could have become the dominant nation both in
peaceful uses of space and in military applications of rocketry.

The challenge, as you all know, was met-but at a price. In order to
win the peace race and to install an effective deterrent missile force
in time, we as a nation had to set new priorities. We moved scientific
and engineering talent out of aeronautics and into rockets.

Today, we must continue to maintain our position in missiles and
space, but we also must reemphasize aeronautics. The interesting new
aircraft projects will attract some of the necessary talent to aeronau-
tics, but industry and the Government still face a shortage of skilled
manpower.

From the viewpoint of a user agency, the aviation techmology base
that does exist is not as usabik, in the aggregate as it would seem. We
are relying heavily on industry's contributions, and the major com-
panies and the many subcontractors are working on important new
aircraft-the giant transports, the SST, and new types of military
aircraft.

But these great programs are so involved and risky and reqcuire so
much management and engine, .•g attention that contributions to
the technology base tend to be e! -i ted. The technical progress that
does exist tends to be scatter id compartmented in individual
companies.

I believe this is a problem of national scope--one that requires
national support, national coordination and, equally important,
national awareness. The solution to this problem lies in coordination
and leadership within the executive brancn.

NASA, of course, is the Government agency primarily responsible
for aeronautical research in the United States. Substantially more
efficient and timely use of available resources could be made if NASA
were to coordinate overall research programs more closely in the
interests of all users.

DOD relations with NASA continue to be sound. NASA people par-
ticipate in DOD technical and advisory groups, and DOD assists
NASA similarly. Currently the NASA Research and Technology
Advisory Committee on Aeronautics, which provides technical and
policy guidance to NASA in thq field of aeronautics, has a member
from e.h of the military servieW and a membpr from my staff.



DOD benefits friom NASA's research 4nd development go beyond
te 'use of ]!ýASA's research data. Upon request, NASA will perform
research tasks on p rticplar proalevs e. rjoint1K with DOD ele-
ments or separately. Assistance between M and -SA is not a one-
,way sTret. The DOD loans or transfers to NASA 'aircraft suelh as the
F-106 and F-111A for use in research programs.
, A recent joint solution to a development program is the Army-

NASA facility-sharing program.. NASA has facihities developed over
the years-for aeronautical research but lacks the technical manpower
to utilize -them fhily. The Army lacks arf adequate in-house techlo-
logical and development capability.

The Army-NASA plan will increase in-house capabilities for avia-
tion research and explora~tory'development by the addition of some
175 uniformed and civilian A'rmy specialists to the resources of Ames,
Lewis, and Langley Research Centers. In exchange, the Army will
have joint use of the facilities.

Projects are planned in advanced helicopter technology; V/STOL
stability, control and handling qualities; and compound helieopter
technology. The ariiangement should benefit both Army and NASA,
and may lead the way to similar agreements with other agencies.

While coordination of aeronautical research programs by NASA is
needed nationwide, it is currently done in part on an interagency basis.
We in DOD work very closely with other Government agencies such
as NASA and the Departiment of Transportation (DOT) in order
to make the most effective use of our national resources.

You know of the efforts of the Aeronautics Panel of the AACB
(Aeronautics and Astronautics Coordinating Board) to review and
coordinate the programs of NASA and DOD in the aeronautical area.
DOT and FAA representatives regularly attend Aeronautics Panel
meetings and participate in its activities. We also have a working rela-
tionship with the National Aeronautics -and Space Council, and it is
expected that their staff representatives will also participate in AACB
and Aeronautics Panel activities.

SThe Aeronautics Paiel has been most helpful in establishing better
understanding and working relationships between the different groups.
Resources of the individual agencies have been limited, however, so
some joint funding-and joint participation have been necessary. Some
of these programs are the YF-12 flight testing, the XV-4B VT()L
research aircraft, the P-1127, the XC-142, et cetera.

It. is the plan of the Panel to go beyond the coordination activity
and embrace joint planning of the aronautcal, programs. The joint
planning will start at Sufficiently early stages that the programs are
still flexible and changes and initegratioil are still relatively easy to
achieve.

Our ability to take advantage of the lessons learned in Southeast
Xsia and to remain competitive in military aviation depends not just
on ood management but also On adequate research and development
uding as well. So let's talk about funding.

Table I shows the DOD's total obligational authority for aircraft
R.D.T. & E. for the last 5 years, plus the current request for fiscal year
1970. The recent authorizations for 1970 have been cut about 12 percent
below the requested level. As you can' see, the funding was essentially
constant through fiscal 1969, while inflation has decreased the amount
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of work we were able to do by about 25 percent. We must establish a
new upward trend in aeromautical remr& and development funding.

TAWA L-DOD 0&"/8t JLD!. A A. war1er tuM&

Miwaft RJUT. & IL TOA: IS .aS.
Fiscal year 195 ------- ----------------------- 8116
Fiscal year 19L66 ............................------------------ 1,256
Flwal year 1967 -----------------------------------------------. 1,190

M year 1568--.--....--- 1,048
FIml year 1,810
Mumcl year 1M0 (reqnseut) 19 706

It is my understanding that the Soviet Union has been allocating
annual increases of approximately 10 percent per year to all defense-
related research and development, while we in the 'tnited States have
increased ours overall by about 4 percent.

Mr. H-•mam. Excuse me, Dr. Foster. Do you mean all defense-
related or aeronautics and aircraft?

Dr. Fo@T. No, Mr. Chairman, I mean all defense-related research
and development. That would include activities in the Soviet. Union
that are similar to the activities in this country of the AEC, NASA,
and the Department of Defense.

Mr. H mcHLE. This might be a good point to suspend. and the sub-
committee has the permission of the House to meet while the House
is in session, but we will suspend for about 15 minutes for this quorum
call.

(Recess.)
Mr. HwnTimJ . The committee will be in order.
Dr. Foster, when the quorum bells rang, you were on page 8 of your

statement, and had just commented on the question of Soviet expendi-
tures and defense-related research. If there is nothing further on that
question, you may proceed.

Dr. FosTm Mr. Chairman, I believe as we go to the next paragraph,
we will get into that matter more deeply.

Mr. Yficrmim. You may proceed.
Dr. FosTm The two countries have reached a point at which the

total efforts in defense-related research and development are about
equal. Unless we take positive action, it is only a matter of time before
the U.S.S.R. assumes the lead not only in the level of effort but, shortly
thereafter, in technology.

Table II, which shows the latest available figures in round numbers,
illustrates this disturbing trend.

TAILE II.-O-EFISE.ELATED IL & 1. FUNDING
lie Miram dhalhiu

Fiscal yin,

1M 1910 16S 1868 l6 1978

U t.S.1.......................... 2 5 10 14 15 16
tuit..---------------------a 7 1 14 14 114

I would like to pause for a moment, Mr. Chairman, here to comment
on table IM. These are the total defense-related research and develop-
ment funds being expended in the Soviet Union and the United States
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The table treats the period from 1955 through 1969, and in fiscal 1970
we have the anticipated expenditures for the Soviet Union and the
requested number before the Congress-for the United States.

Even though aeronautical research is only apart of the overall effort,
this subcommittee could make a major contribution by examining the
need to maintain aeronautical research mad development funding at
a high enough level to aseure our continued world leadership in the
face of a vigorous Soviet effort.

Mr. Luxrar Mr. Chairman.
Mr. ILc . Mr. Lukens.
Mr. Lu=Ns. Forgive the interrupti'on. I wonder if I could have an

explanation on table II. I gather the numbers represent the per-
centage of the budget.

Dr. FosTm. No. Mr. Lukens. The numbers are the actual billions of
dollars that are involved in the research and development programs in
the two countries.

Mr. LuxaXs Thank you.
Dr. FosTmt We get those totals in past years by adding up the

defense-related research in this country by NASA, AEC, and the

"Deparmet Of Defense.
Ir. L Ns. Thank you. I apologize for the interruption.
Mr. H ucmz. In other words, the percentage would be considerably

higher, is that correct? You are giving absolute figures in billions,
therefore the conclusion could properly be drawn that the percentage
of total GNP, for example, would be higherl

Dr. FosmiL Yes, sir. We would roughly double that ratio in going
from the United States to the Soviet Union, since our GNP is roughly
twice theirs.

Mr. HizeCEmR Thank you. You may proceed.
Dr. Fosnm. I would like to repeat the sentence, if I may Mr. Chair-

man. Even though aeronautical research is only a part o? the overall
effort, this subcommittee could make a major contribution by examining
the need to maintain aeronautical research and development funding
at a high enough level to assure our continued world leadership in the
face of a vigorous Soviet effort--an effort which has paid off for the
Kremlin in the form of impressive new military aircraft.

While we can express our defense needs by a comparison with the
potential military threat, it is necessary also to measure our national
economic needs and their relation to aeronautical technology. One
useful indicator is our balance of trade with the rest of the world.
Although overall our balance has been declining, our aerospace
industry is doing quite well.

Information provided by the Aerospace Industries Association on
the relative contribution of the aerospace industry is presented in
table M. These data show a decline between 1967 and 1968 for the
total U.S. balance of trade.

For the same period, however, the aerospace balance increased bj
about 84 percent. Since the aerospace industry's exports of $3,296 mil-
lion provide almost 10 percent of the total-that is, $36,830 million-
U.S. exports, the desira-bility for maintaining the present health and
importance of the aerospace industry is evident.
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TABK lit.--TOTAL AND AEiOSPACE aLAANCE OF TRADE, CALEIWAR YEARS 1960 TO DATE

IOoder ftlun Ia milatona

Total trde Aerospace Aerospace
TotalUS. .trade balance

Totel US. Trade as peet of
Year, tooie W ,, qx.orb Imports baunce Exports Imports U.SWtal

1960 --------- - 5,36 20' IM 15.0o4 4 65 .726 61 31.0
1961 ---.---- 6,096 20,754 14,658 1,501 1,653 152 24.6
1962.-------- -..... 5,178 21,431 16,251 1,795 1,923 128 34.7
1963 ...------------ 6,O 23 062 17,001 1, 52 1,627 95 25.3
1964--------------- 7,556 26,'156 18,600 4.518 1,606 5 20.1
1965..-,. 77 1O 27,135 2.1,283 1,450 1,618- 159 24.9

It, 52* 129, WS 25,360 1370 1,673 30a 30.3
1967-- .4409 31,142 26,733 1,161 2,248 2 44.4

19L---------t3 34.199 33,066 2,623 2905 372 231.5
1969' .-------.... 1,213 36,630 35,617 2,920 3.296 376 240.7

'-Estimate

Note: U.S. ballnce of trade is the difference between exports of domestic merchandise and imports for consumption.
Sources: U.S. Department of Commerce, Bureau of Census: "U.S. Exports of Domestic Merchandise. Schedule B, Com-

modity by Country of Destination"; "U.S. Imports of Merchandise for Consumption"; "Highlights of U.S. Export and
Trafet" (Al ar =ontl* pubiatio6m.)

Nevertheless, as your report on the Paris Air Show stated, we can
expect strong foreign efforts to penetrate a significant portion of our
world -aircraft market. Observers of the Soviet SST, the British-
Fiench ýConcorde, and the multitude of military aircraft prototypes
being developed consider them serious threats to our status as world
leader in aviation. Because of our dependence on the aerospace indus-
try, for a favorable balance of trade, I believe it is essential that we
take the necessary steps to insure our continued leadership in aviation.
' Some of the future benefits to be derived from a strong technology

base in aviation are obvious. Our national defenses and our balance-
of-payments position can depend on it. But another real benefit is
not as visible. This is the spin-off to the civil sector from a strong
military development program. In years past, civil aviation was able
to use the entire aircraft as developed for military needs. The relation-
ship today is somewhat different. Whereas entire aircraft used to make
the tranfer, today various components, subcomponents, structures
and techniques are spun off.

The reason is that civil aircraft must now be more specialized for
civilian purposes in order to meet the competition. Total benefits to the
cviiian sector are greater today than in the past, but they are not as
easily identified. The aeronautics panel of the AACB is currently
helping the Department of Transportation in a study that will help
you and others to identify spin-ofts from military to civilian aviation.

In summary, Mr. Chairman, we can learn much from experience
in Southeast Asia about the importance of aviation technology. We
can look abroad and see what our potential military rivals are doing.
We can look at the disturbing figures on balance of payments. We can
see ways to improve the coordination of a national aeronautical re-
search and development proeram. But I want to assure you that we in
the Department of Defense hully realize that our defense and national
requirements in aviation are not our only urgent national needs.• There are other pubHi6 and private needs that can be met in part by
the application of modern technology, irid these other needs must
have their rightful place on the Nation's priority list. We in aviation



technology can help attain the goals by insuring that our share of

national resources is spent wisely and frugally. Te Department of
Defense is now taking the necessary steps to improve its management
of research and development.
• The Department of Defense must and can merit the confidence of

the public and the Congress in its stewardship of all defense research
and development.

Thank you, Mr. Chairman.
Mr. Homz Thank you, Dr. Foster, for this extremely helpful

testimony. ;
You commented on page 9 that the subcommittee could make a

major contribution by examining the need to maintain an aeronautical
research and development funding level high enough to assure our
continued world leadership. We would like to assert that we have
already passed that point. We recognize this need and we assert the
necessity for proceeding.

The point we 'are at now is to determine the arguments for and the
path toward maintaining this world leadership. The relationship
between NACA and the development of aeronautics and development
of military aviation has frequently been cited as a very fortunate
relationship in the early days.

Are there any lessons that can be learned in the current relationship
between our civilian aeronautical research, and military aeronautical
research and the developement of aviation in general?

Dr. Fonm. Well, Mr. Chairman, one that comes to mind imnedi-
ately is the point that I have touched on in two places in this state-
ment; and that is the necessity, each year, to ensure that the agencies
of the Federal Government involved in this kind of activity renew
their effort' toward a coordinated operation, to achieve maximnum
progress with the funds available.

The reason I want to emphasize that point is simply that, while the
agencies keep on coordinating the work, and while the congressional
committees continue to examine the subject, the individuals in the
agencies--particularly the key people-change, and they do need
reminding.

Mr. HL~cmm. Mr. Wydler.
Mr. WYDLmR. Yes. Thank you, Dr. Foster. I am interested, there

has been quite a lot of discussion, and I have received quite a bit of
mail about the question of section 203 of the defense authorization
bill. And I have been told that very recently the majority leader in
the Senate of the United States saw fit to take issue with you on
some of your interpretations of how this section is going to be used
in determininig what research the Defense Department will undertake.

Can you give me your interpretation of what the Congress meant
when it passed section 203, as you see it, in trying to award
defense-related contracts to industry ?

Dr. FosTER. Mr. Wydler, I think this is a very important matter.
If I may, I would like to take a moment to discuss section 203 and
the position of the Department of Defense in that regard.

At the outset, if I may, Mr. Chairman, I would like to read the
directive that' was signed by Deputy Secretary of Defense Packard
on December 2. It was addressed to the Secretary of the Army, and
the Navy and the Air Force, Director of Defense Research and En-

38-681-70----24
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gineering, Assistant Secretaries of Defense, and the Directors of the
Defense Agencies.

The subject of this memo is "Section 208 of Military Procurement
Authorization Act." "Section 203 of the Military Procurement Au-
thorization Act," that is Public Law 91-121, approved November 19,
1969, provides as follows:

Sic. 208. None of the funds authorized to be appropriated by this Act may be
used to carry out any research project or study unless such project or study has
a direct and apparent relationship to a specific military funetion or operation.

This provision is, in effect, reiterative of the legal principles and long-standing
RDT&E policies which have governed and will continue to govern the use of
defense appropriations for RDT&Z activities.

Mr. HleHLER. Excuse me, Dr. Foster. In the interest of time, this
letter from Secretary Packard has been printed in the Congressional
Record and we have copies of it, and if it would be agreeable with you,
we would just like to extend it into the record and continue.

Dr. FosTER. Certainly, Mr. Chairman. Are you referring to the letter
from the Deputy Secretary-

Mr. HECHLER. December 2.
Dr. FoSTER (continuing). To Senator MansfieldI It is included. I

understand. Certainly I would be pleased to proceed that way.
lfr. HicmiLF. It is printed on page S15992 of the Cong ional

Record of December 6, since we have copies in front of us, I think it
would save time not to read it in full.

Dr. Fosm• Thank you very much, Mr. Chairman. I would also like
to include, if I may, in the record of this hearing the letter from me to
Senator Mansfield on December 4. Does the committee also have copies
of that?

Mr. HFcnHLm• I think it says here December 2, letter from Mr.
Packard to Senator Mansfield, December 2. Is that the one you are
referring to?

Dr. FosTE No, Mr. Chairman. I am referring to my letter of De-
cember 4.

Mr. HwUL. If that is not too lengthy, perhaps you had better
read that-

Dr. FosTm. I believe it is more lengthy, Mr. Chairman, and includes
the answers to a number of critical questions which the Senator
addressed.

Mr. HwcmL That will be included without objection.
(The documents follow:)

THU SUCRUTAmr or Dnrisz,
Waoehinton, D.C., December 5, 1969.

Hon. MmK MANAWEmL,
U.S. Senate,
W1&wsgt~o, D.C.

D•A SmxAToz Mi•aErs: I thank you for your letter of November 20 Inquir-
Ing about the Department's views regarding Section 208 of the Military Procure-
ment Authorization Act. We appreciate your concerns and would like to explain
our position.

There is absolutely no question that the Department will comply fully with
the law. I have directed all components to review critically all current and pro-
posed research and development projects and studies to ensure that they have a
direct, apparent, and clearly documented relationship to one or more specifically
identified military functions or operations. Any project or study which does
not fulfil the criterion of Section 208 will be terminated. For your lnformation, a
copy of my memorandum on this matter Is enclosed.
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In addition to this Comprehensive review within the Department, we have
contacted the National Academy of Sciences and Invited them to consider carrying
out a complete examination of all projects and studies which might be regarded
as marginal under the provisions of Section 208.

With respect to Dr. Poster's recent letter to Senator Wulbright concerning the
impact of Section 20A, I have discussed the issue in detail with Dr. Foster. He
shares without reservation my firm intent to comply completely with the law.

I intend to follow this Issue closely and personally in the future, and to
cooperate fully with Comptroller General Staats in his review of this matter.
Please be assured that in our FY 1971 budget requests and program plans,
we will reflect detailed consideration of the Intent of Section 208 in relation to
Defense needs for research and development.

Sincerely,
DAvD PAcxKAD, Deputy.

Tim SzcvrAxrr or Dmrusz,

Wahington, D.C., December 2, 1969.

Memorandum for tile Secretary of the Army, Secretary of the Navy, Secretary
of the Air Forue, Director )f Defense Research and Engineering, Assistant
Secretaries of Defense, D. rctors of Defense Agencies

:Subject: Section 208 of Military Procurement Authorization Act.
Section 208 of the Military Procurement Authorization Act, P.L. 91-121,

approved November 19,1969, provides as follows:
"See. 203. None of the funds authorrized to be appropriated by this Act may

be used to carry out any research project or study unless such project or study
has a direct and apparent relationship to a specific military function or
operation."

This provision is, In effect, reiterative of the legal principles and longstanding
RDT&E policies which have governed and will continue to govern the use of
Defense appropriations for RDT&E activities. However, Insufficient attention has
been given to making clear to the Congress the basis for deciding to support work
in a particular field, and particularly the connections between relatively basic
research and the long-range Defense problems and missions which require such
research.

In order to assure full compliance with the intent of Congress as expressed in
Section 203, addressees are requested to assure that prior to the approval of a
new research project or study, or the continuation, modification or extension
of an existing research project or study, the project manager furnishes a written
statement which describes, as clearly and simply as possible, the project or study
and its purpose, together with its direct and apparent relationship to one or
more designated military functions or operations. Any project which does not
have a direct and apparent relationship to a specific military function or operation
must be terminated in an orderly way as soon as possible.

I have asked Dr. Foster to work with you in reviewing all current RDT&Z
efforts, as well as selection criteria used to evaluate proposed RDT&&E studies
and projects. The purpose of the review will be to assure that the long-standing
Department policy, requiring that the criterion of relevance-to-military-missions
be applied throughout the RDT&E program, has been and is being applied
explicitly In every case. If necessary, please consider supplementing the appro-
priate directives to ensure that the provisions of Section 206, P.L. 91-121, are
followed completely.

In summary, addressees are requested to take all necessary actions, beginning
Immediately, to comply fully and scrupulously with the law. Under no circum-
stances shall the Department support work which does not have a direct, apparent,
and clearly documented relationship to one or more specifically Identified
military functions or operations.

DAvID PAcZ.xA=, Deputy.

Dutwmon or DZFw1sz RzsrA.&a A" ftben'uzanI,
Wagh*gtos, D.C., December 4, 1969.

Hon. Mzz MAsrxSmr,
V.S. 86e%8,
WsfVagoto, D.C.

Duan SOUAOe M&wRB2=&: Your letterkto me of Septa ber and November 21,
along with your letter to Secretary Laird of November 20, raise many thoughfuL.
fundamental questions regarding the R&D needs, policies and practices of the
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Defense Department. In this letter, and In the attachments to this letter, I have
attempted to answer your questions.

Let me start with overall philosophy. In my view, matters of national security
must be a concern of the nation's intellectual community. Our security depends
critically upon first-rank science and advanced technology. More broadly, our
security depends upon a deep evaluation of many economic, technical and other
factors as they relate to military matters. Our understanding of these factors,
each complex and related to the others, influences our perception of the military
situation, and affects the difficult issues of choice and emphasis which confront us.

The Department of Defense should not rely solely on its own staff in con-
sidering its position on these matters. We must get advice and criticism of cur-
rent poilcy from those who have a specialized grasp of each element of the
problems and who at the same time have had continuing experience with putting
together an integrated analysis. These specialists are drawn from the physical,
engineering, and behavioral sciences as well as from interdisciplinary resear'h
areas related to national security problems. They are able to serve the Depart-
ment, the Congress and the public generally because through Department of
Defense sponsorship of their research they have become knowledgeable and
involved in the brooder implications of defense technology. You will recall, for
example, that during the debate on the ABM, much of the needed expert testi-
mony-on both sides of the main Issues--was supplied by scientists and engineers
who had been associated with Defense R&D carried out in universities.

The need for interaction between the Department and the research community
is profoundly significant. It is not a marginal need of the Department. It is
a priority need. It ýs not becoming less important for the nation. It is becoming
more important because of the increasing complexity of military problems and
equipiment needs.

For the next five to ten years at least, I am greatly concerned about the
trends of declining U.S. research and development white Soviet defense-related
research and development iLcreases at a disturbing rate. These trends, coupled
with the still effective Soviet secrecy, mean that we cannot afford to take
any greater risks in jeopardizing our position of leadership In defense technology.

This overall philosophy is the foundation of four general views "'7e hold regard-
ing the Department's research and development.

1. Each major department and agency should carry out a research and develop-
ment program needed to meet its responsibilities, that is, needed to fulfill
misuions more effectively.

The purposes of research and development are to solve Identified operational
problems, create new or alternative ways of fulfilling missions, improve the
efficiency of on-going operations, reduce costs, and broaden our framewor!,
for understanding and. evaluating defense issues. The Defense Department L
perhaps the leader in a commitment to this outlook. Our commitment has been
based on the critical needs for technical leadership in those fields and on those
systems upon which our future national security will depend. In short, the
country, depends upon the Department, and the Department depends upon
science-based technology.

2. For a research and development effort to be healthy in the long term, it
must include some investment in applied research and In relatively basic research.

fWithout research, all developmental efforts ultimately would be crippled be-
cause of the lack of new concepts and new data upon which to base needcd
technological advances. Equally Important, development programs started with-
out adequate prior research and technological ; rt can become excessively
costly.

Within the Defense context, basic and applied research has three major func-
tions: to solve recognized technological problems which arise from both short-
and Iong-range military operational requirements; to nuiinimlze the possibility
of technological surprise; and, as an automatic by-product of the first two func-
tions, to contribute to the national te(hnical base from which all agencies of the
Government, including Defense, ultimately draw their scientitie ideas and skilled
manpower. We choose the fields for our investment in basic resear('h hasetd oin
their potential contribution to our overall Defense R&I) program, which is, in
turn, directly related to the specific, approved missions of the Department.

There are a number of fields in which the Defense l)epart,,_i-nt has great needs.
We have unique needs, larger in number than any other mission-agency, and
necessarily more focused than those of the NSF. Today these include relatively
basic research in, for example, -electronic engineering and physics related to
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einsors and other ppepplec.roP1C cQiponent4, oceanography, high temperature
and 6ttra-stropg.iterql1s, aome areas ofmathematics and computer sciences, and
many area& of aerodyuaiss and proputon. When other sources of support do
not ewoersao thewe baieSeWla su•ieeptly, DoD must Insure that the areas do
not Usg.,.

8Tb b~h efelme Department research project. offices provide continuous and
immediate "coupling" of research results Into developmeintal and operational
aetuvitle . .... ... I . ..

One of the generl, benefits Qf direct lV6o5 suli•ort of research-basic and ap-
plied. unclaasifled id elasizlied-is the opportunity for frequent contact and
exchange with the scientists involved. This permits rapid transfer of results,
and c .of the bnp11ation. of te .rsults for Defense, including discussion
of related work not supported directy iy the Department. For example, the
relatively basic research Often leads to applied research that is classified be-
cause of its immediate relevance to military problems-and we find that some
university groups wish to carry through on their basic research into this applied
and prototype work needed by DoD.

ofThe 'coupling" of researeh results is based upon the initial choice and design
of projects. We can show that needed military functions and operations will not
be fulflli•d without obtaining a certain technological capability, and that achiev-
ing this technological capability depends upon scientific progress not yet made
in certain fields. From another perspective, we also can show the range of likely
technological applications an4 operational missions which will be served by
pursuing certain lines of basic and applied research. While the Defense project
office must be able to demonstrate the military relevance of each project, the
individual researcher is not so required. The researcher is frequently more
interested in his research for the sake of science than for any particular
application.

In summary, the management of our research programs is an active process:
selecting fields relevant to Defense, and providing the feedback required to eval-
uate applications and modify reskarch goals.

4. University groups represent a unique national resource of excellence in
research and development. This is why we select academic investigators to carry
out some of our work.

We do not develop our budgets in terms of an arbitrary funding formula to
universities per se. Rather, we decide what research is necessary, then consider
a range of possible contractors (including in-house laboratories). Overall, it
turns out that universities are awarded contracts for a significant fraction-
recently about 20%-of the relatively basic and applied research we need, be-
cause they are interested and best qualified. If we attempted over a period of a
few years to shift very much of this work to Industrial or in-house laboratories,
we would obtain lower quality research and incur higher costs. This would
happen because of the general excellence of university investigators in certain
technical areas, and because of the lower costs In universities for comparable
technical effort.

There are two additional points in your letter of September 22 that I should
discuss

You suggested that the Defense Department funds more research at universities
than does the National Science F'oundation. The statistics on this matter can be
understood properly only with a careful review of the definitions of the cate-
gories In which the data are collected and presented. A summary of available data
Is given on page 4 of the attachments. My understanding of the situation is as
follows.

The National Science Foundation prepares annual compilations of statistics
of funding for research and educational activities. According to these compila-
tions, In terms of the "total Federal obligations to universities" for FY 67, DoD
provided 8% of the funds, NSF provided 122%, and HEW provided 68%. In terms
of total Federal funding for "academic science" (i.e.; excluding the support for
non-science activities) in FY 68, DoD provided roughly 11% of the total Federal
R&D funding to universities, compared with HEW at about 54% and NSF at
about 18%.7d

You will note in the attached data that the standard NSF compilation is not
yet available for FY 69. However, the Bureau of the Budget prepared a different
kind of compilation for FY 69 which showed NSF providing $210 million, and
DoD providing $247 million, to universities for the "support of research." These

4 may be the data to which you referred in your letter of September 22. But it Is
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my understandlig that these data are Mot strictly cemprable because of differ-
ences in the _nter•retation about w kinds of resE~rch .twoald be we-
ported by *arlous 409W. ror mln$, You Will note thatetween FTW -
our support for "basic research was lesrthan WW, and declined wbilee NSF
fundis ,in this gatemory increased. Thus the BoB data for DoD indide
for •ous LDmldbe aVppied research (whishl often'daawm ad a* data
for NSb include support mainly for lea rresea ntl,

To be spoific about -the funding Involved recentlg, in FY 69 DOD promided a
total of about 2247 millio to universities for Md development, while
NSF providedabout $0 million to universltieso ' ot of sefentific researt.,
the national sea-grant program, computidg activities en edu tion and research,
Institutional support for science, and science e4ftidon 'upprt. (DOD in addi-
tion provided about $130 million In FY 69 for spc ,l nly classlied R&D
at university-managed groups such as the off-campns LtiIn laboratory at
MIT; but this work is not basic research, is not funded primarily from our
research program, and thus is not included in the NSF compilation for "aca-
demic science.")

Clearly, on the basis of these overall data, DoD does not have a dominant
position In supporting campus activities.

Finally, I would like to discuss our general position of Section 203 of the FY
1970 Military Procurement Authorization Act.

As a matter of policy, oal proposed Detense R&D projects are required to be
evaluated against five broad criteria: (1) technical quality and originality of
the proposal; (2) military need or relevance of the ptoposed work; (3) expe-
riece and qualifications of the proposed'investigators and/or program manage-
ment; (4) adequacy of the facilities and other administrative arrangements
needed for' the proposed work; and (5) reasonableness of proposed budget.
These criteria are inherent in the decision-making process on every contract
award, whether it is for research or development, whether to an In-house labor-
atory or to a contractor, and whether on a competitive or a non-competitive
basis. Obviously, we are not always satisfied with the results of our efforts, and
we are conscious of the need to improve aspects of R&D management. But the
test of military need, or military relevance, has been and remains absolutely
fundamental to the process.

Following the enactment of Section 203, Deputy Secretary Packard directed
the Military Departments and Defense Agencies to make a rigorous review of
all on-going and proposed research projects to demonstrate explicitly whether
and how each one is directly and coherently related to defined military func-
tions, operations, and/or to potential military applications. This relationship
must be clearly documented. Projects which do not fulfill the provisions of Sec-
tion 203 will be terminated. Furthermore, we have re-emphasized the require-
ment to provide titles and project descriptions which will be understandable to
laymen.

Implementation of Section 203 will Involve complex technical interpretations
and judgments. We will have to make ju4gments on the degree to which pro-
posed research is directly and apparently related to specific military functions
and operations. I have contacted the National Academy of Sciences and asked
them to consider the possibility of assisting us in formulating criteria for our
long-term use. We pledge a conscientious and open effort, at all levels of the
Defense R&D community, to sort out our needs, to develop and apply unam-
biguous criteria in the selection of projects for Defense support, and to report
our decisions in clear detail to the Congress.

Because of the special significance of Section 203 of the Military Procurement
Authorization Act, I have discussed your concerns and my answer to your letter
with Secretary Laird, Deputy Secretary Packard, Dr. Lee DuBridge and Dr.
William McElroy. They- agree with the substance of this reply. We are prepared
to discuss with you any issues related to Federal support of R&D In general
and of academic science in particular.

I hope very much that this letter and attachments will create the basis for
constructive discussions in the future, and that an opportunity to discuss this
matter with you personally can be arranged In the near future.

Sincerely, JoNi . Foams, Jr.

Attachments.
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ATrma.um or Lara I•ou DR. Joaw 5. FOST. Jx., To xaTowm
M= M.&srmw, Dwitmz 2, 1969

ATTACHMENT: ANSWERS TO SPeCMno QUNT1ON&

I. AoD need for universiy research
('4) What level of university resorch does DoD believe neceasary for the next

ten years?
We do not budget for university research per se. We budget for research,

exploratory development, advanced development, etc. We support projects at
universities within these categories when It is clear the work can best be done
there. This support varies from year to year depending on such factors as our
o6Verall R&D budget, our specific research needs and the number of relevant pro-
posals received from universities. It is only after the fact in any given year that
we know precisely how much support we have given to universities. Therefore, it
Is not possible to determine what the absolute level will be for the next ten years.

During the 1966-68 period, our support to relatively basic research progressively
declined. We examined the situation before submission of the FY 69 budget
and found that The overall level was at a minimum, if not too low. We found,
for example, cases of rejected university proposals which were directly relevant
to our needs in areas which could lead to the solution of operational deficiencies.
More broadly, we found many Indicators of erosion of the national base for
research and technology-and, as a major national user of the knowledge and
personnel produced by university and other research centers, DoD has a serious
stake in their survival as effective and available sources.

The present DOD support for academic science is $247 million. This support
constitutes about 11% of the total Federal funding for "academic science." We
don't expect national security R&D requirements to decrease, and thus we have
no reason to expect our future need for research, of the kind best carried out at
universities, to be less than the present level.

(b) In what fields of science -wil this money be invested? Why?
As pointed out above, we cannot forecast an absolute level of funding ten

years in advance. By the same token, we cannot forecast the level for each field
of science.

However, we do know the current deficiencies in many military functions, which
cannot be corrected without research. We have assessments of operational needs
in areas such as communications; guidance, control and navigation; detection.
tracking, and surveillance; materials and structures; life support; land mobility
and undersea warfare; energy conversion; and missile propulsion. To meet these
needs, we anticipate continuing requirements for relatively basic and applied
research in many fields within the physical, engineering, environmental, and
medical sciences, as well as a number of interdisciplinary research areas related
to defense technology.
X. Alternative funding for such, research

Why should not the NSF fund all or much of Ruch university research of intp r-
eat to DoD T Congress could, if necessary, specifically authorize NSP to do so and
perhaps provide for DoD advice to NSF as to the kinds of research needed.

DoD like other mission agencies relies upon NSF to maintain an adequato
base in the scientific disciplines. Above and beyond this base each mission agency
must perform or sponsor additional research efforts which are specifically di-
rected towards its identified needs and its long-term technological objectives. To.
achieve these objectives DoD turns in part to the university science and engineer-
ing- community. and must have Its own direct communication with that commu-
nity. Three reasons underlie the need for this direct relationship.

(1) The need to promote and accelerate the ,oupling of research to applica-
tions requires close monitorship by the most concerned DOD personnel.

(2) Early feedback of research findings and conclusions, and of results of
applications, Is required for the timely modification of research program goals.

(3) To do th'$ same or equivalent job NSF would have to be continually ex-
posed to military problem areas and involved in Army, Navy, Air Force, and
Defense agency briefings, program reviews, laboratory visits, evaluations, etc.
Without this intimate involvement NSF would be an unnecessary and ineffective
middle man without appreciation of the research relevance or of the military
applications.

The following pages provide comparative data on the funding of various DoD
components, as well as of other Federal agencies, for university research.
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DoD R.D.T.' d E. ftmauv. to 4ineserodie,a, jbal uarl968
Army: TAo mmod

Army Research Offce---------------------------------------- $12, 916
Army Material Command------------------------------------- 15,411
Surgeon General--------------------------------- ----------- 11,778
Chief of Engineers ----- I------- r------------------------------ 1, 168
Army Security Agency-------------------------------------- W
Combat Developments Command --- ---------------------------- 8as
Safeguard ------------------------------------- 207
Advanced Ballistic W-solle Defense Agency ---------------------- 3,854

Army total --------------------------------------------- __45, 713

Navy:
Office of Naval Research --------------- ----------------------- 62,407
Bureau of Medicine ------------------------------------------ 975
Bureau of Personnel------------------------------------ -- 36
Naval Systems Commands --------------------------- -------- 20,782

Navy total------------------------------------------------ 84,200

Air Force:
Offce of Aerospace Research (less AFODSR) --------------------- 14,500
AF Office of Scientific R Iesearch -------------------------------- 33,200
AF Systems Command --------------------------------------- 32,300

Air Force total -------------------------------------------- 813, 000

ARPA--------------------------------------------------------- 38,500
DASA---------------------------------------------------------- 720

DoD total ----------------------------------------------- 247,133

FEDERAL OBLIGATIONS TO UNIVERSITIES I

tbo~lers in millions!

HEW NSF DOD AEC NASA Other

I-Fiscal year 1967:
Total obligations..................--- 2,231 395 264 110 132 180
Percent--------------------------- (ý68) (12) (8) (3) (4) ()
Academic science---------------------1,51 395 264 Ito10 1 3
Percent ---------------------------- (54) (17) (11) (5) (6) (7)
Basic research------------------------ 237 197 149 82 73 4
Percent ---------------------------- (30) (25) (19) (11) (9) (6)

Il-Fiscal year 1968:
Total obligations --------------------- 2,248 389 230 137 114 190
Percent ---------------------------- (68) (12) (7) (4) (1) 6)
Academic science--------------------- 1,238 389 230 137 14) a8
Percent ---------------------------- (54) (17) (10) (6) ) (8'
Basic research------------------------ 258 208 128 86 a)~ .
Percent ---------------------------- (33) (27) (16) (11) (7) (6)

Ill-Fiscal year 1969:
Support of resarch-------------------- 713 210 247 94 119 125
Percent ---------------------------- (47) (14) (16) (6) (8) (9)

I Sources: Fiscal year 1967 end fiscall year 1968: NSF. Fiscal year 1969: BOB.
Notes* (1) Total obligations include nonsclenc activities largely connected with education as well as academic science

which includes basic and applied research. development, R. & D. construction and facilities coats and other science
activities such as support for scholarships. ;Jloviships and Insthituional development programs.

(2) NSF data In the format for fiscal year I V-678 has not yet been published for fiscal year 1969: therefore data from
BOB special analysis 0was used. Supprt of Research as defined therein Includes reserch and development. Le., It Is
-academic sineless% R&D. construcion, scentific scholarships. and other hostitational development pogas.
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M DOMS 000 RANK(AMNG FEDERAL AGENCIES FUNDING AOA.WIC SCIENCE?

i. FEDERAL OBLIGATIONS TO UNIYERPITIS FOR "ACAOEMIC Sd ENCE," BY AGENCY. FOR 1i67
(SOURCE NSF0-7, p. 6)

Millions Perent

MEW --------------- L------------------------------------------------- $1,251.0 S8.
.......................................•.................................................. $,. . 5.------- ---------------------------------------------------- --- 34.65 1.7

" ."---------'"-"--".-.---- .....................----------------- 23. 9 1.0
mr.---- ........------------7.----- -------------------- 4.4 .2

Total ------------------------------------------------------------------- 2,323.8 100.0

41. FEDERAL OBLIGATIONS FOR BASIC RESEARCH, BY PERFORMER AND AGENCY FOR FISCAL YEAR 1868 (EST.)
(SOURCE NSF 68-27, P. 13)

To universities &Rd colleghs-

Millions Percent

NEW ----------------------------------------------------------------- $25 33
NSF- .............................------------------------ 208 27

-0 ......................................------------------------ 128 16
AEC --------------------------------------------------------- ----------------- 86 11
NASA--------------------------------------------------------------------------- 87
Other -------------------------------------------------------------------------- 44 6

TOM --------------------------------------------------------------------- 782 100

IlI. TREND IN OD SHARE OF FEDERAL FUNDING FOR ACADEMIC RESEARCH
DOD percentage share:

195D--------------------------------------------------------- so
360------------------------ --- ---- --- --- --- ------- ------------------ 31970 4ti1a1 .... .- ---------------------------------------------------------------------------- 10

While chanMg- in categorization of academic research do not permit precise
comparison, the:-DoD share of Federal funding to universities for research has
decreased.steadlly during the past two decades.
3. Recent oChanges in DoD funding of urnierity research

(a) If what *Use of ueivereitf renarh, if ann, has DoD cut back ezpendi-
turee? Whdi&, Ibi how much?

(b) In what ftelds is DoD increasing its 8upport? Whioh, be hoo intuct
Changes in the net funding to universities from the &.1 Research budget

category by the Military Departments in the various scientific fields, for
FY 67, 68, and 69, are shown in the table below.

The funding data do not reveal the dollar-compensating changes (Oncreases
and reductions) wifch oecur when modifying the relative emphasis on areas
within each of the major categories., Such program shifts in emphasis reflect
changes In degree. o. relevance, newly perceived military needs, or new scientific
opportunities related to existing operational problems.

I
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6.1 RESEARCM OBLIGATIONS TO UNIVOITIES BY THE iIUTARY DEPAIrUINT

pe ldisu of do"a,

Ficl ?Oi Fiscal 1m Fiscal rin
4~eral physics -- ---------------------------------------- 17.4 15.0 16.6

ear physics ................ ---------------------------------- 11.3 7.1 &1
<• mistry ...................................................... .6.0 &.7 6.3" s• eflthe atcs ...................................----................- 12. 4 it s 1 1.6

Physical scleos (t1tas) .. . . . ..------------------------------ 47.1 39.1 31 1
Electronics ------------------------------------------------------- 100 U. t.4

materialoves o------------------------------------------------ 3.6 7 3. 5 ."Eeg conve rsion . ................................ ................ 3.7 2.7 4.1

EPI.mnft aleaecus (toials) --------------------------------- 25.8 22.3 23.9

Terrestrial ------------------------------------------------------ 3.3 2.6 4.2
A &93. 2.2 2.3

Y=::: 3.0 2.6 2.4
Oceanography---- ----------------------------------- 10.2 16.0 18.2

Environmental sciences (totals) ------------------------------ 20.4 23.4 27. 1

Biological and melicil .... . ...----------------------------------- 13.9 10.3 8.7
Ilehavioral-social -------------------------------------------------- 3.8 3.1 3.2
Themis I --------------------------------------------------------- 19.0 26.9 21.6

Totals ----------------------------------------------------- 130.0 125.0 130.6

1 Themis is not broken out by disciplines because most of the programs are interdisciplinary and do not eeaily fit into
,the above categories.

(c) What has happened to research projects dropped or cutback by DoD
because o1 changing departmental interests I

Research efforts which are no longer sufficiently relevant to DoD mission to
Justify further funding fall into one of two categories. In the first, there Is
sufficient relevance to the mission of some other agency or sufficient broad
national Interest to warrant continued Federal support, though not by DoD.
In the second, there is no such interest by any other Federal agency.

In cases of the first type, after inter-agency coordination, some projects have
been picked up by other agencies whose priorities and resources have also
-changed. NSF has taken over projects in high-energy physics and radio astron-
omy which dovetail with and complement their own programs In those fields.
Transfers to AEC have also occurred following the apprepriate inter-agency
coordination and negotiation.

The proem of inter-agency transfer in response to the ehangiag needs, Ird-
orities, and rasources of the various agencies has been thoroughly considered
and coordinated by the agencies.

In eases of the second type, DoD simply terminate@ the Defense sponsorship,
providing reasonable time and funds for non-disruptive phasing out by the uni-
versity. A recent example of this Is the Navy's termination of their 200K/year
sponsorship of theoretical nuclear physics research led by a Nobel laureate.
4. DoD access to information about university research

(a) What access does DoD have to project information systems of other
agencies that fund university research?

DoD has full access to all technical information, as well as general manage-
ment information, regarding the R&D programs of all Federal agencies.

Because of the continuing formal and informal communications within the
technical community, DoD's project managers know in advance about the fields
In which major awards are to be made. In addition, DoD's project offices partici-
pate in a wide range of technical coordination activities designed to review the
results of all agencies' work, even though most of each mission agency's basic
and applied research ih not directly relevant to the other agencies.

To illustrate the kiD, -f coordination, there are special or ad hoc committees
-on high-energy physics and radio astronomy (DoD-NSIF and DoD--AEO), on
Interdisciplinary research at universities (DoD-NASA); and special seminars
-on research program management (DoD-NIH). In addition, there are computer-
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assisted Information systems in vartous agenda which are used to provide
working level scletsts with trief resumes of an-going ptoJeect.

(b) Conversely, whar aorh to DoD projecon sormatsion uniems do ten

acxedpnm byeek a thcie mentioned abovt ovtde full accies.to DaD's programs.
Eovery, gency has direct seem through the Defense Documentation Center's

1498 technieal project summary syestem. ari Is an Information bank rcntainint
a description of all research projects under DoD sponsorship, university, Inuus-try, and in-house. In addititon, monthly lists of new proposals reei~ved and/or
acted upon by DoD agencies are provided to other agencies.

(o) Within the Defense Delpartment, what meamres are there for assurimp
that edu~ttdistra~ters woho AM&d whtat unidmr*il research to support and which
univ~ersity reserh proposals to #elect wre informed of related research projects
funded by other D*D a•oences

The selent~sts In each DaD research odee are In close contact with their
"counterparts, field by field, In other omces. One of the most important formal
techniques for pre-award consultation is the monthly exchange of listings of all
proposals received during the month. These same listings announce proposals
previously listed that have been acted upon In term of rejection, acceptance, or
further evaluation. Such listings are exchanged among all major R&D-sponsoring
egencles within DoD.

5. OrVins of DoD uniuersity research projects
How many DaD fueded univeresit researh projects result from formalrequests for proposals? How man from unsolicited proposals? (l•atest available

fiscal year information for each ]oD sgency that funds unwversity research)
The programs of the Services and the DoD agencies are derived from responses

to Defense-expressed areas of need and interest.. Thus even seemingly unsolicited
proposals are in a very real sense responsive to an expressed need. As a matter
of long-standing practice throughout the Federal government, there are very few
formal requests in the legal sense for proposals from universities; this Is also the
tase for DoD.

DoD research omces and laboratorie publicize the areas of military research
needs by means of bulletins and brochures; and personally communicate our
areas of prime interest at conferences, symposia and professional meetings
attended by scientists In all significant fields. Furthermore we accept only
proposals which are addressed to areas relevant to our needs,

In the ease of the THEMIS program, for 8 successive years proposals were
formally solicited by letters to all universities awarding dmetorates in science
and engwn*ring. The letter was accompanied by a formal brochure setting forth
areas of interest, eligiblity rule#. criteria for selectioc, mode of funding, etc.
ApprooLznately one thousand prol0osals w*ire received and evaluated, and from
these 113 swaka were made.

Depending on the year, the ratio of proposalas-eelved to awards-made (to
universities) is 6/1 to 10/1.
6. lmpuestions of project hwindsgt

(a) These two fa~ei.s (S•he's and Isesson on HINDHIGHT M Sietce
23 June 1967, verss Price and Bass, Science 16 May 1969, on research ~fnuts
to weapons development) seem at variance. Which view prevails?
, There is no basic conflict between the Price/Bass report and the Project

Hindsight report.
' In the Thildatght stady, 20 ijillitart systems were investigated and analyzed

by technical specialists to determine the'innavationg in each system which con-
tributed to the systemn's enhanced capabilities as compared to its predecessor
systems. These, Innovations were .then traced back to their origin In applied
Rcience 6r teehnology. Even thiul.h'.some of the Innovations traced back to 1945.
Hlndsight's methoftl6gy was d4OAkrI to look at relatively recent science and
technology as It was utilsed 1i weapon systems. The methodology was not
designed to identify the fundamental origins of the related basic science.

The Prjie/Bass 4rtide looked at the origins of asib, research findings, rather
than the• q~tem afplfcatiou,. and stbwe4 how Tnditmental scientific findings
feed 'tke llndh~ettVe Orbees. TM kei•6 1hii Sr the Pklce/Rtass artic16 was that the
Innovative proas's s posi•ble prIma4ilp because basic reseeWI sUpplifs the base
of knowledge on which technological Innovation depends.
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In sum#i*r-, the two studies were comx.llmentary in that they look at the

M~novatlvepoef4l $o1eapcs
We do not believe tbat either study provides a "correct general formula" for

R&D management. •
(b) Why should not the desired undirected research be - i ined in large

measure "M the dep•rtmeniws'o Iabratortee, thus deeresemng the involve-
ment of university researchers with Defense interestsf

The Defense Depdatment does not sup'port "undirected research." Further,
the Department should not deciease Its involvement with the university research
community.dc

As' explained in detail in the accompanying letter, the Department needs
certain specific research which often can be carried out best by university
groups. More broadly, the. country benefits from broad contacts by the research
community with national security issues. If the Department tried to shift very
much of the current DoD-sponsored university effort to industrial or in-house
laboratories, we would obtain lower quality research at higher cost.

Moreover, At is definitely jn the national Interest to maintain In the Interaction
between the military establishment and that knowledgeable sector of society
which through experience with Defense research problems is capable of meaning-
ful and Independent criticism of and suggestions for Defense concepts, policies,
and technological decisions.

Dr. Fosrhm. Now I wonld like to try and answer your question, Mr.
Wydler.

Pior to the enactment of section'203, the Department of Defense
anticipated duts by the Congress of at least 10 percent in the area of
basic and e ~xF4ria~ryresearch and development.

As-a con.sequepee,. realizing •tlkat we would not receive the fiscal
1970 monweys until .wo, were roghly .halfway through the year, we
had to take, action- shortlyafter the start of the fiscal year to reduce
our expenditures. This was necessary because, although we are per-
mitted to proceed atthe finding level of the prior year, fiscal 1969, we
would reach an extremely difficult financial position in the latter half
of fiscal 1970.

Accordingly,JI reviewed with the Assistant Secretaries of the mili-
tary departments and thý directors of defense agencies the criteria
by which we should make the necessary reduction in advance of the
congressional action.

As you know, the criteria that are usually applied involve the neces-
sity for excellenceý the capabilities ýof the performers, the fteilities
that are involved, Ihe reasonableness of the costs, and so on. But, in
particular, -we have. reqired that the work be relevant to the mission
of the Department of Defense.

And so, in establishing the criteria, we determined that the first
efforts to be reduced-or deleted should be those that are least relevant
to our mission.

Now this effort involved an examination of 10,000 to 12,000 different
work units. You see, the act refers to every activity in the Department
of Defense, activities in industry, and activities in the Government's
research and development laboratories.

The review of these thousands of work units is still in progress. Mv
feeling, however, is that the cuts already imposed by the Congress will
involve reduction of effort and termination of contracts far in excess
of any projects that will be identified as having marginal relationship
to military functions or operations

Thus, we have already made reductions-and will in the near future
be making further redictions-through the sheer limitation of fund-
ing; and other agencies will have an olpportunity to look at thes reduc-
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tions and terminations and determine whether or not, in the interests
of their missions and within their ftffiding abilities, they are in a
position to absorb these programsn r aup•.ent them.

The specific question of the determin.atiop of relevance is a very
diffcult one, Mr. Wydler. It involves individual judgments, military
and technical.

Mr. WyDt. I don't think that is relevant, if you will excuse me.
The lanuage of section 203 does not discuss relevance at all. It dis-
cusses direct'and apparent relationships, and I think that if you are
going to' try to follow the language of the act, and the limitations on
you, you have to get away from a term such as "relevance," which
doesn't sound to me to have any relevance to what you are trying to do.

You ate using a tei-m which probably, I can understand, would suit
your purposes better than the language of the act, but I am just saying
that in reading the act it talks about direct and apparent relationship,
and it seems to me that is the language you '.have to deal with, now in
the Department of Defense.

Dr. FosTm. Quite so, Mfr. Wydler, and we shall, For the word "re-
lationship," I used "relevance, but I quite understand that we should
use "relationship.",

The matter of determining whetder or! hot there is a direct and
apparent rtlationsiip ia a p o- 3udgment concerning technical
aspects of the = h and the'mission.anidope.6 pns of the Depart.-,
ment of Defense.

And, so in each one of these researches, one. has to lJbk at the nature
of the, workand.determine the rel~tion~hip of that',research effort to
milii .isi -Tpratlon..

SMr:. i WoUld it heOK with yOU fe narrow your inquiry
as it relates to a4eronautics and .aliation?
- Mr. WY DL•t. I wulW- jlt like an example of what isn't relevant or
isn't a dsirect tndapparent rlationship,'in your opinion, to defense
matters. Beeausq I can ýee whremyu couTA easily interpret that to
*fean' hnything in :he world. r can s where anything in the world
has soine relition:to defe~ige, so Ican'ct thin't of 4nything ypu couldn't
interpret as being relevant. , I .

That is why idon't like that vbrd particularly, and "direct" and
"apparent" seemsto be -much, srongeror much more defining or con-
fining word. That Wwhy I think'thit tlh~ywere putin in that way.

And I pre~n• they we• iait' Ma mean something different, direct,
and apparent. Meaning that the average person would think of them
as being direct and apparent. Ojvious things, I suppose, is another
word for it.

bCqfld you giv-Mine an illustraii6n of sometlhing you think wouldn't
bea direct and apparent relationship to defense I

Dr. FoSTm. Yes, I believe I could. If a researcher wished to study
the basic theoretibal cosiderationslof, let us-say, nuclear structure,
and knowledgeable individuals had no reason to believe that them*
considerations had any bearing on the problems of the military, then
I don't believe, under the interpretation of this law, there would'be any
justification for our funding the activity.

Mr. WTLU2. T~at resa~ly is a, strange selection you have made. be-
cause I can't consider anything that has proven more sigonificant mili-
tarily thanProbably tha researoh.on theatom that Professor Einstein
did, although I am sure he didn't have any idea he was doing anything
that was going to have a military significance when he did- it.
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And as it turned out of course, it is probably the most significant
military thing t has beea dpje in Qur gwwation, isu't that the wayit turnedout|

Dr. Foor. It certainly did, Mr. Wydler. However, as I understand
the act, one would have to have sowbforesight in order to be able to
make that relationship direct and apparent.

And if one has that foresight, either a te• nical man or * layman,
then I believe you could accept it. If you don% have it, then it will not
be ariepted. So in my judgment we will toke those items that are
marginal and bring them to the attention of the key peopie in the
Department of Defense, we will discuss them with te OAO, and if
in our judgment they a marginal, they will have to, be canceled be-
cause there is not enough money to carry. even those that do have a
direct and apparent relationship to military use.

Mr. Wynic. To follow up on the chairman's suggestion, could you
give me an illustration possibly in the field of aeronautics that
wouldn't have a military relevance?

Dr. Fo=ER. Certainly. One that would not I
Mr. WiWA& Not.
Mr. HwmLm L Before you proceed, I have a list of a number of-
Mr. WymLz= I can't think of any myself.
Mr. fzC=Lj. I have a list of p"jects and programs on aeronautics,

including a $824,000 program on VSTOt aerodynanics, which hap-
pens to oe at West Virginia University.

Dr. FoasiL Yes, sir.
Mr. Wymma That is the one.
Mr. Hwmm. For the benefit of another distg member of

the full committee-I see another one here-at Tex. A. a .aircraft
dynamics in subsonic flight.

The first one was a Navy contract. The second is an Army contract.
I don't know whether you have enough information on these con-

tracts or their internal nature to give aseap decision.
Dr. Foeta. I doubt that I o0, Mr. Charmn. However, if you

would give me the questions I would Ube glad to submit my judgment
for the record.

(Information for the reoord follows:)
The solicitation for Project THEMUIS proos defined eight research problem

areas of particular interest to DOD. Tb. cwgat THEMIS aeronautics programs
listed In the following table were reviewed, and a determination was made that
each haa a direct relationship to military ftnetions. A brief description is given
of the two pecifleally mentioned.

PROJECT THEMIS PROGRAMS ON AERONAUTICS

Ao- -......... t... Cox Pm In ROW S "mo
a 0y- -------- alera It Mimuab.n do------- -- $1,0

Arm------M'eellp Sltes UWW3Vent State CoNe.. &W. a Prepý AWumL. 55 o

Ai om ...........AImy ---------- Udey Mof CI.#0I,0 i:0
Do------Toms A. & M CoftVeStdi~onT-. Alrrf MR au V subul - II. ------

Air Force.V:: m 9WIb~ Ldw Ciy Ia.. 0eh~ 000.- ......... W. R= ====
hllri* / I SYP V/3TO U40 II Iiri
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THEMIS

W00 "Vifgia: NMV V/BTOL Aerodpwodoa
OQboottwv •!b develop a body of knowledge in V/STOL aircraft aerodynamics-

tr Navy ORerting CoiUdtlons and environments. This iemliscipliaary Pro
gram seeks to achieve higher lift capabilities, improved control and response.
and increased cruise speeds for STOL and VTOL aircraft operational character-
isties. This effort will contribute to military operations such as air search and
rescue, Air ASW, amphibious air support, and fleet support.

Tomm AdM: Aircraft Dysma for Subsofto FUJ t (Army)
Ob4eotiv: Tb obtain a better understanding of aerodynamic and aeroelastic

phenomena relating to the performance, stability, and behavior of fixed wing
and rotary wing aircraft in subsonic flight. Studies will be conducted In: air-
craft response to atmospheric disturbances; unsteady separated vortex flows
and wing-vortex Interaction; rotary wing aerodynamics including compressibility
and high frequency effects; and rotary blade-tip vertices and blade vortex inter-
action& This effort will contribute to military operations such as air mobility,
cloop air support artillery spotting, medical evacuation and battlefield
surveillance.

Mr. HzcHmz. Yes, that might be helpful.
Mr. WYmLM. I am not trying to put you on the spot. I can see the

difficulty in trying to apply this language to an actual case. I mean,
it is epsy enough to write it down as it is written down, but to ask your
to try to apply it to specific cases, it becomes very difficult, and as far
as I am concerned, I would just as soon, unless you want to add some
illustration of some aeronautical research project that couldn't pos-
sibly have any relation to the military, I will go on with something
else.

Mr. Hwntza. Did you want to add anything
Dr. Fosrzu. No, Mr. Chairman. I ima&ne if one thought about it,

one might be able to come up with aspects of commercial aviation
involvizg aerodynamic consicerations that are peculiar to the com-

mercial aspects and not to the military, although at the moment I can't
think of one.

Aeronautics research Is unique In that Identification of any portion of aero-
natties research that does not relate to military aviation is a difficult problem.
While all military aeronautical research will not have civilian application, the
military has some Interest in all civilian aeronautics research developments.
This is because the military does transport Pmsengers and cargo in a fashion
similar to the civilian sector. Aeronautics is a unique research area. However, the
following prjeets have been Identified in the initial stages of our evaluation as
being marginal in satisfying Section 20. They were selected from a large number
of Air Force projects which the GAO reviewed for direct and apparent rela-
tionship to the DOD. From this review, the GAO selected 46 that they believed
were questionable. After a further DOD review and evaluation against Section
203 of the FY 1970 Military Authorization Act, it was agreed that these projects
were marginal In this respect

Tin

1. Methodology for analyrs of internal social movements.
2. Criteria for the design of new forms of organization.
3. 0ocio-cultural aspects of development.
4. Theoretical investigations in quantum field theory and elementary particle

physics.
5 Cosmic radiation of extremely high energy.

Mr. WTDLAL I imagine you could think of something such as pas-
senger loading problems, that even those might possibly even have a
relationship to defense in many ways, so it is very difficult, I can
uhderstan .
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What I wanted to ask you was something, for instance, about the
problem we are suffering in aeronautics in the Defense Department
now in, for instance, the "-A. And I am not getting into the ques-
tion of how much it costs or whether it costs too much. We have had
that done and are still doing it in three or four other coiimittees.

I am more interested in it from this point of view. Whatever the
C-5A ends up costing the Federal Government, from the defense
budget, I presume at some potin time the 0-SA will be adapted
andbheomne known as the C-something or other and become a com-
mercial aircraft.

Is there any way that the Government gets any return for the cost
of the development of this aircraft when one or more companies start
to sell the aircraft. for commercial use and realize a profit on it I

Dr. FourF• Yes, there is, Mr. Wydler. When an aircraft is devel-
oped for the Department of Defense, the Department of Defense-
the Government, of course-pays the development costs, including
tooling and fixtures and so on.

Should the company, however, choose to reconfigure the aircraft for
commercial use and start producing it, the advantages to the civil
sector of the DOD's prior development effort would be apparent.

However, the company, which is gaining an advantage, not only
for the civilian sector but also, competitively for itself, is asked to
repay the Government for those facilities and features that it uses for
the civil aircraft that were derived directly by Government funding.
That is one example.

Mr. WyuLEP. Well, that' would be, for example, would you mean
the aircraft itself, of course, is a result of the Government funding
and effort, isn't itt Totally. It wouldn't be such an aircraft unless
the Department of Defense had funded its whole development from
top to bottom.

Dr. FosTemP That is right.
Mr. Wm.i.m. Of course there could be some parts of it that already

existed. I can understand that, and some equipment that had previously
been developed, but the aircraft frame and motors and body and so
forth itself is all a result of the Government effort, isn't it?

Dr. FOSTrR. That is right, and in the case of the Boeing 707, which
was derived in the early stages rather directly from the Air Force's
C-135 or KC-135 aircraft, the Government negotiators worked with
Boeing Airplane Co. to assure that there was an equity in the com-
pany's use of the facilities and the equipment that had been provided
by the Government."Mr. WYDLER. Are you talking about the facilities and the. use of
them at the time they were building civilian aircraft or are you talking
about them prior to that time?

Dr. FosTm. Prior to that time, yes.
Mr. WYDLER. Would you give us for the record the figures that

the Government recouped of its total development cost for the--what
did you call it?

Dr. Fonz. G-135.
Mr. Wywzs. C-135, as a result of these negotiationsI
Dr. Fosm. Yes, I would be pleased to.
Mr. WYDLER. The amount it cost the Government and the amount

that we recovered and the basis on which that figure was derived.
Dr. Fosta. Yes.
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(Information for the record follows:)
The basis for recoupment was negotiated, based on an allocation of common

tooling against a predicted commercial production run of 200 aircraft. The KO-
185 tooling cost was $85,5,012, of which $16,650,442 worth was common to the
Boeing 707. The total recouped an rental fees was $19,457,20=.

Mr. WYDLzR. And this same situation will exist regarding any
civilian development of the C-5AV

Dr. FOSTER. Idon't know that it will fund a civilian use, sir.
Mr. WmLnzx. Assuming that there is any use made of it.
Dr. FoSru. That is right, sir. The C-5A development program in-

cluded the provision that the testing would be compatible with the
requirements of the FAA for the civil application of that aircraft. So
that aspect of it is aready being considered.

Mr. Wmimt. You mean we have already collected something on
that ?

Dr. FosTEi. No, but we have already looked into the possibility
that such an aircraft might be useful to the civilian sector.

Mr. WyVmiR. Oh, I am well aware of that.
Dr. FoSrER. So we have considered that part. But until one seriously

looks at the application, I don't know what kind of arrangements
would be made.

Mr. WYDL=. Well, isn't that a part of the contract that you have
with the company at this point, as to what their future liabilities in
this connection are going to be ?

Dr. FosTTR. I don't know the details on that, Mr. Wydler.
Mr. WyDxxL. Again, would you supply that for the record?
Dr. FoSTr. Yes, sir, I shall.
(Information for the record is as follows:)

In regard to the question of the governments recouping some of its investment
in research, development, tooling, etc. in the event that a commercial version
of the C-SA Is marketed, the C-5A contract reads as follows:

"PART XIX-COMMERCIAL SALES

"In the event the Contractor enters Into commercial sales, which shall be
deemed to be sales other than to or through the United States Government,
as a result of the development of the items called for herein, the Contractor
shall negotiate with the Government an equitable (i) reduction from the final
contract price or (Hi) payment to the Government for the proration of non-
recurring program costs, learning benefits from military production, and re-
search and development costs applicable to this contract. The Contractor shall
negotiate with the Government for use of Government-owned special tooling, and
pursuant to the provisions of the applicable facilities contracts, the use of
Government-owned facilities, machinery, and equipment. The Government Is
under no obligation to permit the Contractor to use such special tooling, facili-
ties, machinery, and equipment for commercial production."

Mr. WYDLFR. I guess I can't do this. You won't let me go out into
the space program. I was just interested in the relationship that now
exists between NASA and DOD, but I guess I can wait for Dr. Sea-
mans to testify.

That is all, Mr. Chairman.
Mr. HECHLER. Mr. Lukens.
Mr. Luxnxs. Thank you, Mr. Chairman.
Mr. WyniaE. Oh, excuse me, if I might. I have one further question.

Will you yield to me?

38-681--70-----25
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On page 6 of your statement you say to me that substantially more
efficient and timely use of available resources could be made if NASA
worked to coordinate overall research programs more closely in the
interests of all users. What are you suggesting there I

Dr. FosTm. In my discussions with Dr. Paine, we agreed that
NASA could and should make a larger effort in this area. In recent
years NASA has almost doubled its effort in the aeronautics field each
gear. This additional effort will take more people, and that's the

ind of effort that I am suggesting, as I believe it will be helpful.
M•Ir. Wyum. Yes, but here you are saving that the coordination

could be done better, more closely in the interests of all users. Now,
what suggestion could you make to do it better ?

Dr. FosTrm Well, for example, I think it would be a great advan-
tage to this country if NASA would build u1p the effort to the point
where they served as the data bank for the whole area of aeronautics,
as the NACA did were before the space era began.

Now that requires just a constant increase of effort over the next few
years--effort in the research facilities and effort in tying in the indus-
trial contractors and all their facilities as well as the other agencies.

Mr. WYDum. But what is the coordination that you want to

companies around the country do much of their own development

work. They do it because in recent years NASA, with the tremendous
load of the space proTam, has had to draw people from its laboratories
in the aeronautics field into the space program. As a consequence, with
the continuing demand for aeronautical research by the Departments
of Defense, Transportation, and others, the individual companies
have had to put up their own facilities and develop their own data
banks. These data banks are not integrated on a national scale.

Mr. WmDL=. Well, I understand that. You are not talking about
coordination between NASA and DOD.

Dr. FosTE. No, sir.
Mr. WYrDLE=. You are talking about NASA and distant companies.
Thank you, Mr. Chairman.
Mr. Hmn-zx And perhaps one of the solutions would be con-

tained in what you give a clue to in the second sentence of your state-
ment on page 6; solution to this problem lies in coordination and
leadership within the executive.

Dr. FosTmu. Yes, sir.
Mr. HuCHLER. And one of the purposes of this hearing, I think, is

to focus a little more attention on the need for raising the entire status
of aeronautics in the national policy picture.

Dr. Fosrme That is certainly so, Mr. Chairman.
Mr. Hzcmm. Is there anything further you'd like to add to that

point?
Dr. FosTm. Well, I have tried to assure the committee, Mr. Chair-

man, that the Department of Defense will do everything that it can to
assist this committee in that regard.

Mr. HErHL=. Yes. Mr. Lukens.
Mr. LutKws. Yes, Dr. Foster, let me first of all say that I am proud

for many reasons, but I am proud of belonging to an administration
and philosophy currently evident in the Department of Defense that
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has seen fit to cut beyond congressional requests, for the first time in
this decade, many programs, some of which have been duplicated or
overduplicated, an others which have been simply overextended and
others which are perhaps not as necessary as they thought. But at least
we belong to an age now in the last 10 years to see the first cut psy-chology manifest itself in DOD, and I think you should be commended
for your part in this.
fSondr, I would like to say it is very easy to forget that this country
is-I hate to make a speech, Mr. Chairman, taking the liberty of the
committee here--this country is free because we are strong, and we are
,trong because DOD and defense-related agencies have done this workand done the job, and for this I am extremely grateful, personally and
As a public servant.

Third, it is very easy to criticize DOD because by size alone, by sheer
view of the definition of size, you are going to step on more toes than
I think any other agency in this Government. And I hope you under-
stand the questions we offer are really not in a critical vein, but are
more in an analytical vein, but may take the outward appearance of
criticism. The point is this: Like the Post Office Department, the Gov-
ernment cannot reasonably expect to return money or profit on its in-
vestments. DOD's greatest service to this country is the freedom we
enjoy, and this I want to commend you on, and I stand behind the
agency a hundred percent. I think you would operate a lot more effec-
tively if politics could be removed, but uhis is not the scheme in
America, so therefore we just bear this unnecessary-or, if you like,
bear this necessary weight. And I think you bear it very well, fortu-
nately.

I am interested only in the efficiency of the DOD. I think we are all
interested in that, and I think that you have been very efficient as a
body, because I have seen Government do much worse than DOD.
Right here in the Congress, I think we have examples where we cer-
tainly shouldn't be throwing too many stones, because we do live in
an extremely glaesified house if you will.

Now, I want to know basically if the spin-off technology, things we
learn peripherally or tangentiafly, how you do make a determination,
what your management approach to saying this is relevant, or if you
like, related, or ithis necessary. Is there a need for example, work
with dolphins for underwater transmission of signals. I understand
we have learned a great deal from a project that on the surface would
seem to offer no apparent relationship, explicit or general, to military,
and yet indeed has a great deal to do with underwater sonar.

Dr. FosTER. Well, it is certainly true. And as I said before, the diffi-
culty we have had is in this matter of judgment. To a layman, the fact
that the Department of Defense was studying the cold adaptation of
Korean women divers was a subject of much amusement. But to the
naval flier who is down in the waters of the North Sea, it is a matter of
minutes before he may be too numb to fight for his life.

We have lost so many men that way that when we found the Korean
women pearl divers can expose themselves to 5 or 8 hours a day in the
coldest waters that people endure voluntarily, day after day, it seemed
important that we try to understand whether it was somethin'g in the
diet or something else special that enabled these people to live that
way.
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And so today I would say that has a direct and apparent relation-
ship to a military operation.

Mr. Lrvws. I want to ask specifically about this interesting com-
ment, and your reply to Mr. Fulbright and the other body, and with
whom I must say I take great exception to his unjustified criticism of
the Defense Department in many areas. Not in all, but in many. I
mi ht say most. You state here that pigeons have been used most re-
oently to cull defective items from pharmaceutical and electric signal
component inspection lines. Bring that down to layman's language.
What do pigeons do I Besides the obvious.

Dr. Foe'm. Pigeons can be trained to peck at a particular charac-
teristic when a production line of th. is flowing along on a beltn
it is very, very difficult for people looking at a sea of aspirin tablets,
for example, to notice differences.

Mr. LVxus. They can particularly cull out a defective item ?
Dr. Foan. Exactly. There is something special about birds that

has to do with visual acuity. Now from the point of view of the De-
partment of Defense, the fact that they fly and have this visual acuity
is important. Let me give you an example, because I happen to believe
that in this case also there is a direct and apparent relationship tomilitar operations.In Vietnam, as you know, there is tall grass called elephant grass,

and as you walk through it you can't see very iar ahead of you. How-
ever, if you are in a helicopter overhead, it is very obvious where every-
thing is, because you are looking straight down along through the
grass, and you can easily see the combatants, even though they can't
see each other 10 or 20 feet away. And so it is possible, for example,
that a bird could be used to go from its master, up into the air, and
take some action, as a result of training, to indicate whether or not
anyone else was around. Now, it turns out that crows are particularly

ausefl, when they are trained this way. So again I would say that there
s a direct relationship to the military operation.

Mr. LUKES. If I might be permitted to coin a phrase, "air dog,"
because you already have a seeing-eye dog

Mr. HmoiuFa The Chair I think is going to have to invoke section
208 to restrict these hearings to a direct and apparnt relation to the
questions and the purpose of the hearing, and I would add the Sec-
retary of the Air Force has been waiting nearly an hour, and-

Mr. Luxis. I think the Secretary of the Air Force would be happy
to wait in a situation where it acrues so much benefit.

Mr. Hzcmm. Thank you, Mr. Lukens
Mr. Goldwater.
Mr. GowWATm Thank you, Mr. Chairna.
Dr. Foster, I certainly enjoyed your remarks today and I just wanted

to perhaps st that you supply for the record, in the case brought
out by Mr. wyTder, the amounts of money that have been returnedto
the Government from development of the 707 by Boeing.

Dr. Fost, s. Yes, sir.
Mr. GOLDWATM' I think it would be interesting to see that.
Dr. Foam. I certainly will.
Mr. GowwATm And second of all, I wonder if you could clarify

what you mean by the technology base--and also, it is in that regard,
it seems to me in your statement-I think on page 5-that we have



consumed ou olop bs b use of the war. It seems to me just
on th6 tontr at in the timies of grea demand, brought on by war,
that wa woa be eipantl thi x not nsiminglt

Dr. FOSrua Thata er critical and important question, sir.
First of all, by technology base I mean the studies of materials--ma-
teýial that do not fati e-so efly, that have greater strength proper-
ties, do not corroder 7  of M at nature. It mi ht also include the
actual IIIt c .. bos diober.

All o tse things add up to our being able to build a better airplane.
In the last several years, however, because of the urgent needs of

Southeast Asia, we have swept up these things that were available to
help us solve our difficult problems. But it wasn't only that we swept
up things--we swept up the people that know them best; so the people
who did the exploratory and advanced development were the ones who
were able to take those items and put them into advanced development,
engineering development, and final production.

Ind so in the interim, in these several years, results of relatively
basic and exploratory efforts have been depleted, and so we now must
fill up that void. Either the people who helped us put these things into
production must go back or we must replace them with others who can
work in that new area and again -build up the base.

Mr. GOLDWATER. This seems to me t nt, as I can recall back a few
years ago, and perhaps I am closer to it than some, before I got into
Congress I had a little business where I supplied technical employees
to the aerospace industry, and we had a tremendous time finding qual-
ified people when there was a big push on, not only because of space
but because of the war effort. And now today, a lot of these people
are running around looking for jobs. These are well qualified people,
And so it seems to me that -during that period of time when there was
a big pUSh qla, during the big push for the war and space that, we
weren' really consuming, it seemed to me like we were expanding.
But I'll take 'whatyou say.

Dr. FPoft* I -think, Mr. Goldwater, the point is that we were
expandi*`theie' more in the end military applications than in the
tscnnolq , h1ese. And it is true there are a lot of very able people
around, and the reason that they are not to replenish our technology
case is in part because we are limited iD funds.

Mr. (dL0w*•m. I see. Thank you.
I have no further questions, Mr. Chairman.
Mr. Hoomai Thank you Dr. Foster.
Mr. Wyrm. Could I maQe one observationI You know, in a way

I can't help thinking of section 203 as a pat on the back for the De-
partment of Ddmn*e because it indicates that you weren't really
spending al your money just on military weapons but you were
concerned and bothdred with the civilian problems of the country
as well. At least that Is `te implication I reaud into it. You were spend-
inMg your money. foolishly by d4oing researeh on nonweapons or non-
mplitay itma, I- don'Gt kow if that is a criticism or not, but a lot
of people, Pýrticukarly omie of your severest critics, should consider
that a complimeat.'

That is i 1 , Mr. Chairman.
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Dr. Foes. Mr. Wydler, I think there was work going on that some
people felt had very, very little direct relationship to our operations
or activitie& With rspect to the universities however, I believe--and
I think others do al&-t-•at is of paramount importance that the
matters of national security be intimately connected with our intel-
lectual centers, the 4cademdc community, and that in past ears the
Department of Defense, recognizing this baic need as well as our
detailed technical needs, has gone to the universities for assistance.

Mr. HzcmIm. Thank you very much, Dr. Foster, for all this ex-
cellent testimony. If there are no further questions, we will proceed
with Hon. Robert C. Seamans, Jr., Secretary of the Air Force, one
of NASA's most distinguished alumni, the former Deputy Adminis-
trator of NASA.

Mr. Secretary, would you care to summarize your statement, or
proceed just in any way that you care to I We are going on until the
second b4 then we wifl have a 10- or 15-minute recess while the mem-
bers answer the quorum. But you may proceed in any manner which
you care to, for the benefit of the committee.

STAT 11: 03? XON. R03 T C. SEAXAJS, LR., SECRZTARY OF
THE U.A AIR FORCE

BIOGmAPRY op Da. ROBERT CHANNING SEAMANS, JI., SECRETARY OF THE An FORCE

Dr. Robert C. Seamans, Jr., became Secretary of the Air Force on February 15,
1M. Prior to his appointment as Secretary, he was the Jerome Clarke Hunsaker
Professor, a Massachusetts Institute of Technology (M.I.T.) endowed visiting
professorship in the Department of Aeronautics and Astronautics in honor of
the founder of the Aeronautical EIngneering Department at M.I.T. He also was
a consultant to the Administrator of the National Aeronautics and Space
Apm1nistration (NASA).

Dr. Seamans has been active in the fields of missiles and aeronautics since
1941.' From 1941 to 19M5 he held teaching and project-management positions
at M.I.T. In 19M0 he joined NASA as Associate Administrator and then became
Deputy Administrator.

From 1948 to 1958, he served on technical committees of NAGA'e predecessor
organization, the National Advisory Committee for Aeronautics. He served as
a consultant to the Scienitific Advisory board of the Air Force from 1967 to
196, as a member of the board from 1950 to 19M, and as an associate advisor
from 1962 to 1967. He is a National Delegate, Advisory Group for Aerospace
Research and Developutent (NATO), and a member of the International Acad-
emy of Astronautics.

Dr. Seamans was born on October 30, 1918, in Salem, Mass. He attended the
Lenox School, Lenox, Mass.; earned a bachelor of science degree in engineering
at Harvard University in 1969; and at M.XI.T. a master of science degree in
aeronautics in 1942, and a doctor of science degree in instrumentation In 1961.
He has reeivq honorary dotor of science degrees from Rolins College and
New York upi'lersty. He IS a member of the Board of Overseem at Harvard
Universt.

N held teaching and proJeet-management positions at M.LT. from 1941 to
19. Tbese ingluded:. 4suiataut Professor and then Associate. Professor, De-
partment of Aqronuti1ca h ig; Project 1 haotrumentaton

h ( ft "*ine r of Project Meteor; Direator of the Flight Control

-erdolned, the R•adio Cm'p~m~tio of Aaerica n '1955 ha lkanageiient of the
A est.. _ ay mat- aS he ef sa ,,Ig of the Althorne

4nt*0 and Ooitrola Disiot at -tho Missile ]Mee-
In 196 Dr. Seam ans joined NASA as Associate Administratpr with responl-

bilities for rbeearch and develOpment programs olal 1aboratori., assembling
and launching tu//Itlee, and a worldwide network of track/g stationa From



387

Dember IM until January 1969 he was DepWt Admilnstntor of NASA
retaining m-a of the management rsqpwmubiltlm of hi prier position.

He was appointed a vislting profesor at MJ.T. In March 1968 and became
the Jerome Clark. Htmaaker Profupr Is July19L

,Dr. Seamans In a member of Sigma Xi; the American Association for the
Advaneement of Science: Anaerican Astronautical Society; American Society
for Puli Administration; American Academy of Arts and Sciences (Boston) ;
National Ow Club; Foreign Policy Association ; and National Acdey of
Engineering.

He ban received the following awards: Naval Ordnance Develomnt Award

(14) American Institute of Aeronautics and Astronautics, Sperry Award
(1U1) ; Godfrey L Cabot Aviation Award (I9=) ; NASA Distlongished Service
Medal (1965) ; Goddard Trophy (1968); NASA Distinguished Service Medal(1069).

Dr. Seamans is married to the former Eugenia A. Merrill, and they have five
children: Mrs. Katharine Padulo; Robert C. III; Joseph; May; and Daniel.

PRARB•D STATEMENT OF HONORABLE ROBERT a. SEAMANS, JlR,
SECRETARY OF THE AIR FORCE

Mr. Chairman and Members of the Subcommittee, the subject of Aeronautical
research is of primary importance to the Air Force. We have good aircraft, but
many of them are now getting old and may soon be obsolete.

Our best air-to-air fighter, the F-4, first flew in IM It Is still in a class with
-the Mig-21, but the Soviets displayed six new fighters at the Domodedovo Air
Show oa July 1967, raising serious questions about our relative capability in
coming years

In the area of strategic bombers, our B- first flew in 1952 and the last air-
craft was produced in 1962. In the meantime, aeronautical technology has
advanced a considerable distance, and Soviet air deemes have greatly Improved.

If we are to maintain an adequate air force, we must continually press forward
with our aeronautical research and aircraft development programs. In this
process, cooperation between NASA and the Air For•e is a critical factor.

The P-15 air-to-air Jtuhfor
To counter a growing Soviet threat to our air superiority capability the Air

Force is developing the F-15 fighter. The F-i1 concept calls for a fixed wing, two
engine, single seat fighter having superior performance over a broad range of
altitudes and speeds. It will also have high thrust to weight and low wing loading
to mtihfy its high performance requiremeatsa

NASA has been assisting the Air Force in this effort ever since the concep-
tional team was formed to conduct in-house anaslsis and wind tunno tests, NASA
technical personnel participated with our contractors In additional wind tunnel
test and, analysi and in turn worked with the. Air Force in evaluating the
contractor's studies, NASA again made important contributions in preparation
of the Request for Proposts which was used in the Definition Phase of the F-15.
During this phase NASA engineers were members of the Evaluation Team which
condudied program reviews of the contractors' approaches to designing and
managing the P-15 development During the last several months engineers from
NASA have been acting as technical advisors to the Source Selection Board in
evaluating and analyzing the work of the three contractors so that source
selection ean be made and the winner announced by the first of the year.

All. of the F-15 contractors have, Indicated a dedse to use NASA facilities
and expwetseý in the development ot this new arrmft NASA facilities are
pantiaularly sutable for Inlet dud aft body the presV0 e distributilon studies and
teot of sability and eantraL.

NASA direct support of contracten Is4critically important to the success
of ou developMent eaortai We must deSemamine how Well coonguatfons work
over wide eped, and altiue rangsk 0butdctors have some wind tunnels and
have aenees tothe OoCmll A'rbasutidit laborkltry a" Air Vbre6 laboratories.
but mink of their woin msist e donor at NASA labs. This should be considered
emenw R&D assiatamee sld sh••te funded Accordingly.

Te 4 itwrqk0~o~e
e s.5. has maintned bota mis force and a bomber force to essure
~ 9zPe~et4 fevi.•st r ep a ag Ir vne of them sytems. In
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amt of an advanced bomber.. Even If we do no, we cannot have r.n Improved
strategie'alrraft ready until 1976w later.

To date we have been workln on advanced developments and system studies
which will permit a reduction twdevelopment lead time and the amociated tech-
nical risk. Our advanced development efforts have included work In propulsion
and avionles, with the preliminary deign studies providing characteristics, con-
figuration, and initial design data. We must solve such problems as whether the
B-I should have variable sweep wings and how we can bedt provide for high
subsonic speed at low altitudes.

NASA suppoet of the B-1 program will be needed in many areas. We hope to
use the expertihe of 6 to 10 NASA personnel as part of the source selection team.
Subsequent to source selection, continuous liaison will be maintained with NASA
me that their expertise can be used should any problems develop in Internal or
external aerodynamics, aircraft handling, stability, ride quality, or structures.
LOWt inrstoatre transport

Our tactical airlift mission Is currently being accomplished by the 0-130s,
C-123s, and 0-7a. The C-180s are restricted to conventional take-off and landin
operations on moderate length runways. The O-128s and 0-7s are limited in
numlters, cargo compartment size, and payload capacity.

To provide an improved tactical airlift capability the Air Force Is proposing
the development of the Light Intratheatre Transport (LIT). We must deter-
mine whether this aircraft should have a vertical take-of capability or only a
short take-off and landing or STOL capability.

As an Initial step in the LIT development, a propeller demonstration program
has been started to verify the technology associated with a large diameter
propeller. We plan concurrent efforts in the technology of flight controls and
engines. When funding is available, we will initiate a competitive design/valida-
tion effort by two contractors, leading to the final design. A deliberate develop-
ment pace will be followed nitfl we are confident that full-scale development
and acquisition should commence.SIt is clear that the United States is no longer a leader in the world with
respect to application of V/STOL technology. Although we have spent over 500
million on 18 different V/STOL systems, none have yet reached the operational
stage and at this time our efforts are funded at a very low level.. Most of the work -to date has proven that various concepts will work: tilt
Wing, tilt duct propeller, direct lift, tilt rotor, and lift fan aircraft have all
flown. But,. In each of these programs, problems have developed which have not
yet been solved. Several research aircraft are still being flown by NASA--the
X-14, the XV-6, the XV-A, and the XO-142. It Is very Important that these
tests continue in such areas as vibration, downwash, and recirculation Investi-
gations; de~cent and terminal area work; and flow field determinations.

We intend to call on NARA for assistance in analyzing candidates for the
Light Intrathdatre Transport mission and for continued development In critical
areas. ' '

As we all know, NASA has been, very successful with its launch vehicle and
spaceeraft development programs. ,It may be that NASA should also undertake
aircraft development programs In selected areas such as V/STOL, areas that are
Important to both civil and military capabilities.

he A-X oboe support aircraft
Providing the best possible close air support for our highly mobile Army

units has become increasingly important. Beognizing the need to improve close
air support the'Air Force is proposing the development of a specialized Close
Air Support aircraft called the A-X.I It Isiour belief that an aircaft optimized
for the single mission of supporting friendly ground forces will be more effece-
tive than a modified or multi-purpom airaft;

The A-X willbe a singie seat aireuaft of rugged construction. The high thrust-
to-weight ratio combined with low wing loading will pecmit heavy combat loads
with SbOrt t•heke diftaioca and aiso will produce Unsurpassed maneuvera-
bility at sPed81u00to 300 knots. The A-X will be able to povwide day and night
visual, doaseI support to ground troops engagd With the enemy under low
ceiling. and rugged terrain where high performance jet ,lreraft cannot operate.
The A-X will be the first aircraft with a primary d~mifn objective of high

We expet few te eal Po6Ml4m with the AXK since It Wi have conventional
strctuweulti•Mtti ervIepunat, and V minmumn avionics pack-
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age. However, became of the high thrusVt-•wtght ratio, problems of low speed
stability and performance may arie NASA assistance may prove beuefcal In
verifying stability and eentrel characteristia
New techeorog

Many technological efforts must be simultaneously advanced In order to real-
ise substantial progress In military aircraft design and the resulting improve-
ments in operational capability. Long before niw aircraft can be developed
and introduced Into the operational inventory, the technical bane must be firmly
laid by pure research and exploratory and, advg d development programs
While recognising that technological advances must be made on a broad front,
I shall suggest a few selected concepts and technologies which promise signifi-
cant gains In the relatively near term: the NASA supereritical airfoll; airload
alleviation and mode-stabilzation systems: fly-by-wire flight controls; ad-
vanced structures such as beryllium and composites of boron and graphite; and,
perhaps most important of all, the continuing requirement for advanced aerody-
namic and structural analysis methods for system optimization.

One research area in which the Air Force would especially appreciate addi-
tional work by NASA is In development of techniques for transonic flight
analysis. Improvements in the analytical, wind tunnel, and flight test tech-
niques of evaluating the extremely complex problems associated with flight
in the transonic regime would result in major Improvements to future fighter,
bomber and cargo military aircraft.

Development of the NASA supereritical wing, which will be tested soon on
a modified Navy F-8 jet fighter, offers considerable promise for improving
cruise efficiency at high subsonic speeds. This concept should be followed by an
investigation of new wing shapes and new aircraft configurations to Improve
the transonic maneuverability as well as the cruise performance. From a mili-
tary point of view, aircraft maneuverability in the transonic speed light regime,
including target tracking without the presence of airframe buffet, is a very
important tactical consideration. The Air Force would like to see NASA test
a supercritical wing design on a swing-wing F-111 in order to determine the
ability of this aerodynamic shape to Improve the transonic maneuver capability
as well as delay the drag divergence Mach number. Joint NASA, Air Force
and contractor studies for such a program are underway.

Other research efforts which are Important to the Air Force deal with the
problems associated with aft-end engine nozzle design and airframe wing inte-
gration for minimum drag. These difficult design problems are often solved by
empirical methods of build-and.try. We need research programs to discover
analytical and wind-tunnel solutions. Similarly, we need more knowledge on
how to test scaled engine inlet configurations for engine-airframe compatibility.
Here again, we have often had to do full-scale engine Inlet testing because
we don't fully understand both the steady state and pulsative nature of inlet
low.

There has been a continuing trend away from experimental research aircraft
In the past several years. We all recognize the high cost of these programs-
but we should also recognize the higher cost of changes and delays which may
result from the use of unproven technologies.

Research aircraft provide the necessary confidence in new technologies which,
with the great expense and complexity of modern aircraft systems, is necessary
before the engineering development and production programs can be approved.
Flight testing of research vehicles often is the only effective means of fully
assessing the value of a potential technological -advancement.

The X-15 is an excellent example of the value of experimental research air-
craft in advancing the state of the aerodynamic science. It formal objectives
were to Investigate flight at hypersonic Mach numbers and at altitudes of several
hundred thousand feet, but Dr. Hugh Dryden very succinctly described the un-
derlving purpose of this program as, "... exploration to separate the real from
the Imagined problems, and to make known the overlooked and the unexpected
Problems."

In design and intlal experimentý the X-15 was oriented toward high altitude
flight. As the program progressed, tle elquiretnent to more fully understand the
hypersonte aerodynamic floW lWida the strhetirl dispertson of aerodynamic
heating became *lhpotealngty I in'taat The* 'M a tonut es cyle of knowl-
edge paiandeleadl* 66, nirew 4de~oO-t e &n&le'Ie Neither &nalyig nor ground
test could haive aceonipUshed the'4ft!ytlk *eflctb of the, Watal, Right&. With-



out detracting frm the nsessut of analytical and ground nvwetgations of com-
plex problems, thy simply cannot fully predict the response of an aircraft In
flight. You can work out many problems in & wind tunnel, but the wind tunnel
remains essentially a simulator. The results must be confirmed in actual flight.

In an effort to provide for flight research up to speeds of Mach 3, the Air Force
and NASA have concluded an agreement for a four-year Joint program of flight
tests on two YF-12s. NAA, with assistance from the Air Force, will use the air-
craft to investigate the adequacy of analytical simulation techniques for pre-
dictin propulsion System dyntmic characteristics, aerothermoelastle effects on
aircraft stability and control, and other phenomena associated with cruising
flight at Mach 3. The Air Force will also use the aircraft in a modern command,
control and.electroc countermeasure environment. The YF-12 is an example of
a program oriented to NASA research objectives and at the same time used to
satisfy Air Force test and operational evaluation requirements.

The Air Force is also interested in other areas of aeronautical research such
as air traffic control This is another field in which both military and civilian
aviation will benefit from new developments.

With respect to vertical flight, in 1967 the President's Scientific Advisory
Committee recommended the development of take-off and landing systems to
assist the pilot In making safe and quick landings under all weather conditions.
These would be accomplished in a manner similar to that which the astronauts
used in landing on the moon. NASA Is currently conducting tests in pursuit of
this goal using the inertial system from a Gemini capsule installed in a helicopter.

This research work should be expanded to deal with all types of aircraft and
all phases of air traffic control, from take-off to landing.
Air Force exploratory development

The total planned Air Force Exploratory Development program for FY 70
is approximately $240 million, of which about one-half is being applied to tech-
nology associated with aeronautical systems and equipment. The bulk of our
Exploratory Development or applied research on aeronautics is concerned with
flight dynamics, propulsion and materials, along with related work in avionics
and the environmental sciences.

In the flight dynamics activity managed by the Flight Dynamics Laboratory.
we are working in the five technical areas of structures, flight control, flight
mechanics, dynamics and vehicle equipment. Our current efforts are concentrated
on reducing the weight and vulnerability of aircraft structures, improving flight
control system performance, increasing aerodynamic performance at transonic
speeds and improving vehicle equipments such as landing gear and escape
systems.

Our propulsion work, managed by the Air Force Aero Propulsion Laboratory,
develops propulsion components and technology involving fuels and lubricants.
gas turbines, ram-jets and secondary power generation. The primary emphasis is
to improve fuel consumption, thrust-to-weight ratios and thrust-to-frontal area
ratios.

The materials effort, managed by the Air Force Materials Laboratory, is cen-
tered on the development of high temperature metal alloys for jet engines and
the application of composite materials for aircraft structures. The work In high
temperature metal alloys is directed toward improving the strength and tempera-
ture properties of these materials. Composite materials are being developed that
pomise to reduce the structural weight of future aircraft by 50%. This new
technodogy has been successfully used to achieve a 65% weight reduction in the
horizontal stabilizer skin and consequently an overall weight reduction of 27%
in the stabiliser of the F-ill aircraft.

In the environmental sciences we are investigating the properties of the at-
bIosphere in such area. as clear air turbulence, weather forecasting and weather
modification an they apply to aeronautics.
Air Force advantced development

The total planned Air Force Advanced Development Program for FY 70 Is ap-
proximately $400 million of which about $60 million Is being applied to Aero-
nautics, In addition to advanced development work oriented to specific aircraft
system, the Air Foree also conducts technology programs that will provide a di-
versified teehnology base for future systems otlw, become better defined.

In the propulsion area we esithe technology and individual components from
our exploratory deyelopment ,proram and Integrate them into advanced prom
puldon systems. These new propulsion systems are Integrated wvith the air-



391

frame and tested i, our advanced development program called Aircraft
Proloublon 8bouYstaft Iitegiation.

The Aerosce Structure Materials Program uses technology from our ex-
ploratory development materials program to tabrlete aircraft components from
the composite materials and to night test these components under operational
eonittions.

Other advanced development programs Include the fabrication and testing of
flight controls for Imptoved survivabillty under the Flight Vehicle Subsystems
Program and the collection of data relative to the National Clear Air Turbulence
Program.
FunPaing for aew &wkre/S proprawFor the F-45, $77.5 million was programmed through FY 09, and $175.1 mil-
lion has been authorized for IY 70.

The B-1 program received $143.8 million through FY 69, and has been author-
lIed $100.2 million for WY 70.

Less than $1 million was allotted to the A-X through WY 69, and $8 million
hao been authorized for FY 70. We hope for an appropriation of at least $2 mil-
lion to Initiate competitive prototype development.

The Light Intratheatre Transport received $1 million through WY 69. No
money was authorized for 1Y 70, but related technology programs amount to
$3.6 million.

Secretary SPAMAN•. Mr. Chairman, members of the sUbcommittee,
I am very happy to have a chance to appear here with you today, to
discuss aeronautical research, because it s of such importance to the
Air Force at this time. I believe that I would like to proceed through
my statement, and perhaps there are places where I can summarize it
in order to save time.

Mr. HECHLER. You may proceed, Mr. Secretary.
Secretary SEAMANS. The subject of aeronautical research is of pri-

mary importance to the Air Force. We have good aircraft, but many
of them are now getting oldand may soon be obsolet

Our best air-to-air fighter, the F-4, first flew in 1958. It is still in
a class with the Mig-21, but the Soviets displayed six new fighters
at their air show on July 1967, raising serious questions about our
relative capability in coming years.

In the area of strategic b6mbers, our B-52 first flew in 1952, coin-
cidentally, and the last aircraft was produced in 1962. In the meantime,
aeronautical technology has advanced a considerable distance, and
Soviet air defenses have greatly improved..

If we are to maintain an adequate Air Force, we must continually
press forward with our aeronautical research and aircraft development
programs. In this process, cooperation between NASA and the Air
Force is a critical factor.

I might say now in sumnntry of the setion on the F-15 air-to-air
fightoi* where the complete sttement might be placed in the record,
that we have received a considerable amount of help from NASA
at all stages "i the F-15 procurement. We now are at a point where
we have had submittals from three contretors to proceed with, first,
the development and then the procurement of about 750 of these air-
craft. NASA has helped us in the past and is helping us today to
evaluaft these proposals %nd it is our intention to select a contr-ictor
amnd thm prieed Ihintdisttly with the developm~tt of the airplante.

1 *111 Jus tead the U..t ' ph&
NAJAdireo uppott of cun w .is critically Important to the

success of our development efforts. We must determine how well
configurations work over wide speed and altitude ranges. Contractors
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have some wind tunnels sad have access to the Cornell Aeronautical
Laboratory and Air Force614boratories, but much of their work must
be done at NASA labs This should be considered essential R. & D.
assistance amd should be funded aecordk gy.

And I can say here that there has been a limitation on NASA's
ability to sUpport aeronautical contractors, not just in this program,
but n other Air Force and Navy programs. When it was all added
up there was a greater demand for wind tunnel time than could be
supplied by NASA, in view of limitations imposed on them by what
in the past at least was called their administrative operation funding.
This was specifically a limitation on the technicians available to run
the wind tunnels. This forced the wind tunnels to work on less, I
believe, even, than an 8-hour shift. It certainly did not permit them
any great flexibility to operate overtime.

Mr. HwBcmae This was specifically limitation on personnel, in
administrative operations TOr did it go beyond that?

Secretary SwwAs. It was both a limitation on personnel funding
and on funding for such things as electricity to operate the wind tun-
nels according to my understanding.

Wr. IHcmaL. I think it would be helpful to tie that down for the
record.

Secretary Szs~. s. I would be happy to supply more details for
the record.

Mr. BHEcmmt Yes.
(More details for the record is as follows:)

NATIoNAL •. A uxoAVUOS AND SPACE ADMIN1STRATION,
Waiahigou, D.O., Deoember 28, 1969.

To: Colonel W. B. Arnold, SAFLLV, Room 5D-920, The Pentagon, Washington,
D.C 208

From: Deputy AAciate Administrator (Aeronautics), Office of Advanced Re-
seareh and Technoloy.

Subject: Transmittal of information on MASA support of DOD aeronautical
contractors,
In response to yogr-request, the following statement is supplied with respect

to NASA wind-tunnel support of DOD aircraft development programs.
A continuing function of the NASA program In aeronautics Is to provide ex-

perlmental aerodynamic data from its unique large-scale wind-tunnel facilities
to contractors of the military services for new aircraft and missile systems.
T2is assitance when requested by the service and determined to be required is
furnished without direct transfer of funds. The costs are covered by NASA Cen-
ter Research and Program Management (R&PM) funds, formerly designated
administrative operation (AO) funds, which pay for salaries and most expenses
as well as the facility electric power for the tests

Thus limitations on S&PM funding and personnel Imposed upon the Centers
dQ limit the wind-tunnel support .ASA Is able to provide to the Department of
Defenase. With additional RSPM funding it would be possible to buy additional
electrieal power so that -the wind tunnels could be operated more shifts per day
than at present. However, to 'operate substantially more would require In-
creased perso.uel to man the extra shifts and to conduct the larger number of
Investigations undeataken. The Increased personnel would, of course, increase
further the need for RMPM funding.

For Ez•xmla the attached table Indicates the extent to which it would be
fesle and desimble to increase the utilization of those facilities of the NASA
luq Remerch Cmeute In greatest demand by the DOD services and other
government agebeies, assuming present funIl a personnel caemints were
relieve. It Is seen that the three wind t•nUe representativeo tie aet
:spldtal If*4ftmbtdt were operated ddfntg the last d sacalyset st 1n 6 half to
twothirda of their espkl•ty.,
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A similar situation exists for the large wind tunnels In greatest demand for
support of other government organizations at the NASA Ames Research Center.
In 1T 1908 approximaWuy half of the available wind-tunnel time at Ames was
given over to developmental tests requosted by the Air Force, Ntry, or Army.
The 40- by 80-foot wind tunnel was operated full time for two shifts per day;
it would have been feasible and desirable to have operated on a three-shift basis
Inasmuch as there now exists a two-year backlog of work for this one-of-a-kind
facility. The three "Unitary Plan" wind tunnels--l-foot transonlc, 9- by 7-foot
supersonte, and 8- by M-foot wlpe ..e--wer used together for 405 hours
during the year or something over two shifts per day. This was accomplisbed by
working available personnel overtime and bringing In additional personnel from
other facilities, As a result, planned utilization of other smaller facilities had to
be reduced by 67 percent. As at Langley, under the existing manpower and
funding limitations the support of aerodynamic testing requirements of other
Government agencies was supplied at the expense of In-house research activity.

Under the circumstances the NASA Centers can only supply full support
for the most urgent of specific requests for use of their facilities from the other
Government organizations. All such requests from organizations of the De-
partment of Defense during FY 196 and previous years are believed to have been
p•operly satisfied. In each case adequate test programs and facility schedules
were determined at the Center by matching the contractor's proposed require-
ments against available NASA research information and facility time that could
be made available. With the country essentially at war, no reasonable demand
could be refused, however the assistance was often provided at the expense of
in-house general research which is vital to the advancement of the nation's aero-
nautical technology and capabilities. On the other hand It is likely that other
valid needs for NASA facility utilization were not pressed by the military serv-
ices because of their awareness of the resources limitations at the Centers, and
that the definitive answer as to the adequacy of the NASA wind tunnel support
might come from DOD sources.

CHEA-rs W. HlaraR .
Attachment.

IAlTACHMERTI

Facility cost.
accumulated Fiscal year FeasibleLangley facilities In greetet demand for research support of to present 1969 opera- operation

other Govmment organizatlns time flon (shifts (shifts per
(thousands) per day) day)

UI pla wiad tunnel .-----------------:.-------.------------- $15,620 2 3
transonic tunnel- ---------------------- -............ 12,867 2 3

8-foot transonic pressure tunnel ------------------------------------ 7,061 2 3
Transonic dynamics tunel- .--------------------------------- 11,184 134 3
Hfh-spead, 7- by 10-foot tunnel ---------------------- --------- 2,907 1 2
300-mile-per-hour, 7- by lO-ft turnel ----------------_-----------704 1 3
4-foot supersoni pressure tunnel ----------------------------------- 3,441 1 2
Fll-scale tunnel-------------------------------------------- 1,252 1% 3
Spin tuanel . . . ..------------------------------------------------- 103 1 2
Landlng loads track ----------------------------------------------- 4, 487 1 2

Secretary SrAXANS. Now turning to the B-1 strategic bomber, again
et me say in summary that we in the Air Force and in the Depart-
ment of Defense believe that the time has come when we should de-
velop a new bomber system. As I have already said, the B-52 has
served us well for nearly. 20 years. We believe that we need a new
manned aircraft to provide capability for the strategic mission, and
we also note that a manned bomber can have uses other than those
originally intended. This is well exemplified by the performance of the
B-52's in Southeast Asia today.

We have just recently gone out with a request for proposal. There
are four compenies that have indicated their interest and their intent
to propos VIASA is again supporting our program, and this is needed
in many areas. We hope to use the expertise of six to 10 NASA per-
sonnel as part of the source selection team& Subsequent to source se-
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lection2 continual liaison will be maintained with NASA so that their
expertise can be used should any problems develop in internal or exter-
nal aerodynamies, airoraft handling, stability, ride quality, or
structures.

Now turning to liht intratheater transportation.
I have been to Southeast Asia to see how our C-130's, C-128's,

and C-7's have been operating, and they have been doing an excellent
job. There are times w-hen even with our C-7's we can not get into an
airport. In those cases we have two choices. We can either use air-
drop, which on occasion puts the aircraft under intense fire, or we
can use helicopters.

Helicopters in general are limited by their weight-carrying capa-
bility. There has been a considerable amount of effort, as this com-
mittee is well aware, in the direction of vertical and short takeoff
landing aircraft, and the question is still before us whether we should
embark on a development with such an objective.

Mr. Htsx. Excuse me, Mr. Secretary. Off the record.
(Discussion off the record.)
Mr. IcHx m The committee will be in recess for 15 minutes.
(Whereupon, a recess was had.)
Mr. HEiHLm The committee will be in order.
Secretary Seamans, you may proceed.
Secretary S AMANS. Mr. Chairman, I was referring to short take-

off and landing aircraft and vertical takeoff and landing aircraft, and
I was just pointing out that we must letermine whether these aircraft
should really have a true vertical takeoff capability, or whether it is
sufficient just to have excellent short takeoff and landing capabilities.

Most of our work to date has proven that various cruise concepts
will work, tilt wing, tilt duct prop, direct lift, tilt rotor and lift fan
aircraft have all flown, but in each of these programs problems have
developed which have not yet been solved. Several research aircraft
are still being flown by NASA, the X-14, the XV-5, the XV-6 and
the XC-142.

Now we in the Air Force have some real questions about V/STOL
aircraft. In theory they are highly desirable for the reasons I men-
tioned earlier, but we are concerned that the percentage use in the ver-
tical mode might be rather small, and then every time we take off in the
STOL mode we would be increasing weight unnecessarily and adding
complexity and these aircraft must be extremely rugged'to operate in
the kinds of conditions that we now have in Southeast Asia.

As we all know, NASA has been very successful with its launch ve-
hicle and space travel development programs. It may be that NASA
should also undertake aircraft development programs in selected areas
such as V/STOL in o:?'der to prove concepts for both civilian and
military use.

Now continuing on page 6, a few words about our AX close support
aircraft.

In this case we are talking about an aircraft that in eftect would live
with the Army. It would have to be rugged, it would have to operate
out-of short fields. It would have to be very survivable under fire. It,
would have to have considerable firepower, to permit it to directly
support the Army.



895

We are considering, in this procurement, having a minimum, if you
will, of detail in the proposal effort. In effect we would end up with
two companies, each one of which would build a prototype, we would
have a true flyoff and determine on that basis which aircraft per-
formed the best,

Now, we also have underway in the Air Force many technological
efforts. We believe these must be simultaneously advanced in order to
realize substantial progress in military aircraft design and the result-
ing improvements in operational %apabilities. At the bottom of page 8
I note that one research area in which the Air Force would especially
appreciate additional work by NASA is in development of techniques
for transonic flight analysis Improvements in the analytical, wind
tunnel, and flight test techniques of evaluating the extremely complex
problems associated with flight in the transonic regime would result in
major improvements to future fighter, bomber, and cargo military
aircraft.

Other research efforts which are important to the Air Force deal
with the problems associated with aft-end engine nozzle design and
airframe wing integtation for minimum drag. These difficult design
problems are often solved by empirical methods of build-and-try. We
need research programs to discover analytical and wind-tunnel solu-
tions. Similarly, we need more knowledge on how to test scaled engine
inlet configurations for engine-airframe compatibility.

There has been a continuing trend away from experimental research
aircraft in the past several years.

Research aircraft provide the necessary confidence in new technol-
ogies which, with the great expense and complexity of modern air-
craft systems, is necessary before the engineering development and
production programs can be approved.

The F-15 is an excellent example of the value of experimental re-
search aircraft in advancing the state of the aerodynamic science.

In the design of the F-15 even though we have a very good super-
sonic capability, much of the aircraft's actual fighting may be done
in the transonic region.

One of the things we are concerned about in the F-15 is the inlet
problem at large angles of attack, in a maneuver to bring the aircraft
around to attack another fighter. It is at these sort of off nominal con-
ditions that we may run into very difficult inlet problems.

I don't think I need to tell this committee about the flights of the
F-15, the fact that it has flown faster and higher than any other air-
plane. We have gathered a great deal of important aeronautical in-
formation and also had a t est bed which was vihy'tiiseful for other pur-
poses. We are delighted that the Air Force has mow worked out with
NASA a program to use the two YF-12's for a, continuing flight re-
search program, with the capability of speed up to mach 8.

In additionto work on airframes, prolpnion andso on, the Air Force
is also interested in other areas of, a&eonautictl research such as air
trafic control. This is amother field in which both military and civilian
aviation will benefit from new developments.

NASA is currently eonduetinO tests in. prouit of this goal, and I
believe Mr. Elms discussed thisyw~thyout cnitittee.

This research work, we beieve, should b expanded to deal with
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all types of aircraft and all phases of air traffic control from takeoff
to landing. ....

NOW, -just to SU11A our tota -amrnauties program, we have,first, the Air Force explbratory development. Our total exploratory

p~rogra fo 1970 is approximately $240 million of which about one-
haf s or applied to technolog~y associated with aeronautical sys-

tems and %equipment. We have an- Air Force advanced development
program wlieh is dnisibed starting an page 15. Here the total plan-
ned Air Force advanced dovelpmentprogram for fiscal year 1970 is
approximately $400 millioh Of wh about $60 million is being applied
to aeronautics.

We also have in our research and development area funding for
our new aircraft. I have already mentioned the F-15. We have $175
million authorized for 1970. For the B-1 bomber program, we have
been authorized a little over $100 million. We have $8 million author-
ized for the AX close support aircraft. And actually no money except
in the advance technology area for the light intratheater transport.
If you add all of this up, it comes to $4a8 million of research and
development. Yon can see how important the field of aeronautics is
just from a development standpoint. I dont have the number right
at my rtips, but the aircraft procurement for fiscal year 70 runs
to about $4 bion, so that the more basic work that NASKA does leads
to specific developments of major proportion which, in turn, of course,
influence our success in these very large procurements.

So that completes my statement for the morning, Mr. Chairman.
Mr. HEcmz Thank you, Mr. Secretary.
You have confined most of your remarks to the importance of aero-

nautical research, and its relation to the Air Force. As one who has
held a high position in NASA, and has been very active in many phases
of aeronautical development over the years, just how wouldyou weigh
and assess, in a brief. statement, the importance of aeronautics in the
Nation, across the boardI

Secretary SmAxwa. Well, across the board, there isn't any question
about its importance to the Nation and to the world. The world has
truly shrunk by virtue of the field of aviation. The number of pas-
=a r fl-ng daily for long distances is truly remarkable, even viewed
today, much Zless if it had been viewed and understood 10 or 20 years
ago.

Clearly, in the commercial field, I think this, was stressed by Dr.
Foster, our aeronautics effort isone of the shining lights of our situa-
tion. We are selling aircraft all over the world because we have had
preeminence in this "eld.

It is a question of whether we are going to maintain this superiority
in the future, and that is the reason the research and development today
in aeronautics is so important from a commercial standpoint.
SFrom the standpoint of the military, it is obvious that aeronautics
is extremely mport"L, There has been for a period of time sort of a
swinging of the pendilum toward misileseand toward space. I think
it was appropriate at that time,

"I think nOw our. need, i the -Air ores, As well as in the Navy, for
"some new aircraftisl pparen, w& , thii& this comes at a, very for-
tuitous time, lbcaueesa airestlt of our-ilishile and space work, we have
some new capabilities that we can now bring to bear.
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So I assess the field of aviatiocn as one of the most important fieldsin this country today.
Mr. HzcHL=. I fully concur with what you have just said. _You

cited some examples, and other witnesses before this committee have
cited the frustrations because we have many different V/STOLsys-
tems and techniques that have been developed, yet none of them far
enough along so that we can put them into f11 operation for both
civilian and military use.

This is only one small piece of the problem, though, but it is illus-
trative of what I believe is needed-namely a precise statement of
goals and priorities at the highest national level.

If such a statement were promulgated and decisions were made,
don't you believe that this would hel•p achieve the objectives that you
are seeking? This would relate the importance of aeronautics to the
development of our Nation.

Secretary SxAmANs. Yes; I think it would, and I think this ties in
with a statement I made when I appeared before Congressman
Daddario's committee on the goals of this country and the relationship
between research and development and the attainment of these goals.

And clearly, one of the major important areas for attention is in
transportation, broadly speaking-ground, sea, and air-and there
are some real problems that we face in aeronautics, as we all kr --

Even though we have made great advances in the development . the
airplane itself, we still have very, very difficult problems to face up
to, which we haven't really faced up to in air traffic control, traffic
handling at the terminals and so on.

I think a statement of this is a national necessity, and then the
followup of the related work would be helpful.

Mr. lhcrnz. Mr. Wydler.
Mr. WYDLER. Doctor, do you find any problem with this new section

203 that has been discussed here, in relation to your program?
Secretary SxMaiw. I was very interested In the discussion you had

with Dr. Foster. He is, from the Defense standpoint, our leader in
this matter. We in the Air Force are doing exactly what he has
described for the Defense Department as a who e.

We are going back and going over all of our programs again, both
from the stand-point of the budget reduction which we have sustained,
as well as from the standpoint of whether there is a clear application
of the work to either our equipment of our operations.

And I can give you an example of where there is a problem. It is
not really an aeronautical matter. T don't have one of those at my
fingertips. But there is at M.I.T. a national magnets laboratory that
has been funded by the Air Forcm. It is in the budget for about $2.6
million this year.

It is a lab6ratory that has done very outsanding research in connec-
tion with a -large numiber of resea'ok peol wh-m n seohi
facility, some bf whom have atnal Air Force experiments--and
others who have experimexts o by different agencies.

The aqueston arises now h *6 a ustify in the future the
full support of that Ubg, and; We Um just got to ta~ke -a hardheaded'
" viw, because we must oomply with taii 908 amendment.
iMr. WymDL It nerns ioed. 4that, it should strike the civiliansector of the research field, particularly for the sponsors and pro-
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ponmnte of the amendment, anyway. But I don't want to comment on
that.

'The F-15, for example. Can that have any possible civilian use that
you eaa thinkof I

Secetary SWMEAN. 'I doubt that the airplane as a complete system
has direct civilian application.

"Mr. Wyiu. You think there might be some fallout in equipment?
Secretary SEAmXws. I believe that in every major aircraft develop-

ment there is fallout from materials, propulsion, flight control, instru-
mentation, that does become generally available to the indsutry, and
does find its way into a civilian use.

Mr. WTmim How about this B-1 program I Can you give me an
idea what type of-is there such a thing as a specification?

Secretary SzAMANs. Yes.
Mr. WYmLz. How many motors does this plane have?
Secretary SAWANs. I believe this is one of the items that will be

proposed by the competitors. I believe, though, it will have four

The• features of the airplane that differentiate it from, say, the
B-52, are first of all survivability. The B-52 does take special run-
ways. The new plane will have a capability of using much shorter
runways. It can, for that reason, be dispersed more widely.

It will also be designed so that from the clang of the klaxon, it can
get off the runway in a much shorter period of time, which leads to
survivability.

And it will also be designed for larger overpressure, so that it can
even be reasonably close to a nuclear explosion and still get out and
Scarry out its mission.
. Mr. WyDum. Will it look like or be similar to the proposed SST
in any way?,

Secretary Sz&xas. Well, this is one of the items that is still in
question, whether it will actually be a fixed wing or a variable sweep
wing aircraft. We want the contractors who are proposing to give us
trade offs on thi.

It will have, at high altitude, some supersonic capability, but the
reason for that is not that that, per se, is as high priority as the low-
altitude penetration capability, -which we want to be high subsonic,
even under adverse conditions of weather.

So it must have very good ride capability at low altitude, and once
you put in this requirement, it is not much more expensive to provide
the high-altitude superionio capability.Mr.-WTOA Tat's all.

Mr. HuO L Mr. Goldwater.
"Mr. Go•wATEL I have no questions.
Mr. Hwmam. If there are no further quostions, I want to thank

you, Mr. Secretary,, for this extaem ly heI•pful tetimony.
And if there aee no further quetions, these hearings are concluded.
I would like to theak the wimbers of the Naieominittee, the chair-

man of the full qon1ttt6, Mr. Mitlerj who authorized these harings,
the membecs of the staik. thebi ebelit. *iiesdes and all others who
participated in, moing these hs6riapua. suieess. I am convinced that
we have tskeaillk•u lber ol-for.atid . ' inlocusing attention on
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present and future sength of the Nation.

.(Whereupon the subcommittee was adjourned).
In additionI various agencies and organizations were asked to make

recommendations to the subcommittee giving their views on additional
R. & D. needs of the Nation. These submissions follow:

AICaRAFr OWNERS AND PILOTS AssocIATIo0N,

Mr. KEN Washitngton, D.C., December 18, 1969.

Oheirie•am Subcommittee on Advanced Research and rechfnoopy, Committee on
Soiene and Astronautics, U.S. House of Representoatves, Washington, D.C.

DEAt Mj. Hw•HLia: AOPA appreciates your kind invitation of December 11,
1Me to submit comments regarding aeronautical research and development.
S Due to the brief time remaining for Inclusion In the record, we will confine our
comments to a few things which seem most important.

We have reviewed our submission last year (Aeronautical Research and Devel-
opment, Hearings before the Subcommittee on Advanced Research and Technol-
ogy of the Committee on Science and Astronautics, 90th Congress, 2nd Session,
Vol. 10, page 320) and find little that needs change. The problems enumerated
still remain.

The rate of growth of general aviation has been retarded by inflation, restric-
tive regulations and the imminence of selective taxation. The attached table gives
some comparative data for the last two complete years. Note that the Items
of growth (issuances, unit sales) barely held over or are negative. Average unit
cost has soared. Indications In 1969 are that student starts are still declining,
unit aircraft sales are down though dollar volume is up, and operations at many
airports have suffered a decline.

The implications for the economy are clear. Small communities depend upon
general aviation for access to the benefits of air commerce. Industry relies upon
it to operate widely dispersed plants. Recreational enterprises use It to survive.
Business employs it for sales and service. Strenuous efforts are needed to make
general aviation more useful and less expensive as well as safer, if It Is to per-
form its essential role.

General aviation accounts for 98% of the civil aircraft, 97% of the pilots,
94% of the airports, 82% of the hours flown, 75% of the operations at tower
controlled fields and virtually 100% at the other 10,000 landing places in the
nation. It is a substantial and important part of "civil aeronautics".

It, therefore, seems Just a little odd that of the $77,700,000 authorized for
aeronautical research In the NASA program for FY 1970, only $500,000 or less
than 1% was allocated for research directly related to general aviation. We urge
the committee to remedy the imbalance of this relationship.

After watching the research and development efforts of the Federal Aviation
Administration and its predecessors for some 30 years, It appears to us that
the same amounts of money would have yielded many more useful results if
someone else had had the responsibility for programing and expenditure. At
the same time, we are not satisfied with the attention and treatment that aero-
nautics gets within the structure of NASA where the space program Is so
predominant.

For these reasons we urge the committee to consider combining the research
and development program of the FAA and the aeronautics program of the NASA
into a new and separate Aviation Research and Development Agency with an
enlarged mandate to support basic and applied research and prototype develop-
ment for all aviation purposes.

It Is our hope that such an organization could then fill some of the existing
gaps, referred to In our statement last year, which preclude the economic produc-
tion of more useful and eficient aeronautical vehicles, which delay the develop-
ment of an adequate air traffic system that satisfies all user requirements rather
than only a small percentage of them, and which result from omission of the
human factor considerations that affect the safety and utility of aviation
operations,

Federal aviation research and development efforts lack adequate liaison with
the ultimate users of the products of those efforts. A continuing program to
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assure adequate user Inp•t Is needed. Regular contact only wit# producer'
representatives or FAA officials is nuotualeft Teb comnumer needs and wants
direct consultation to assure that kis reqke•fatU6 not those imagned for him
by others, are considered. ,

We appreciate your consideratioi of these and previous comments.
OordalY,

Roamer B. MoNuRo,
CowgOuseonal Lis4aon.
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